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Copyright
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WARNING REGARDING MEDICAL AND CLINICAL USE
OF NATIONAL INSTRUMENTS PRODUCTS

National Instruments products are not designed with components and testing intended to ensure a level of reliability
suitable for use in treatment and diagnosis of humans. Applications of National Instruments products involving
medical or clinical treatment can create a potential for accidental injury caused by product failure, or by errors on
the part of the user or application designer. Any use or application of National Instruments products for or involving
medical or clinical treatment must be performed by properly trained and qualified medical personnel, and all
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About This Manual

This manual contains information about the internal operation and programming of the
PCI-1200. The PCI-1200 is a low-cost multifunction analog, digital, and timing board. The
PCI-1200 is a member of the National Instruments PCI Series of expansion boards for PCI bus
computers. These boards are designed for high-performance data acquisition (DAQ) and control
for applications in laboratory testing, production testing, and industrial process monitoring and
control.

This manual assumes you are familiar with the PCI-1200 User Manual. If you will be using
National Instruments software with the PCI-1200, you do not need to read this manual. For
information on the PCI-1200 installation, signal connections, and theory of operation, consult
your user manual.

Organization of This Manual

The PCI-1200 Register-Level Programmer Manual is organized as follows:

* Chapter 1, General Description, describes the general characteristics and gives a
configuration overview of the PCI-1200.

* Chapter 2, Register Map and Descriptions, describes in detail the address and function of
each of the PCI-1200 registers.

* Chapter 3, Programming, contains programming instructions for operating the PCI-1200
circuitry, and examples of the programming steps necessary to execute an operation.

* Chapter 4, Calibration, contains instructions for creating user-defined calibration constants
for the PCI-1200 CALDAC: .

* Appendix A, Fujitsu MB88341/MB88342 Data Sheet, contains a manufacturer data sheet for
the MB88341/MB88342 CALDACS (Fujitsu). These CALDAC:S are used on the PCI-1200.

* Appendix B, Xicor X25020 Data Sheet, contains a manufacturer data sheet for the X25020
SPI Serial EEPROM (Xicor). This EEPROM is used on the PCI-1200.

* Appendix C, OKI MSM82C53 Data Sheet, contains a manufacturer data sheet for the
MSM82C53 counter/timer (OKI Semiconductor). This counter/timer is used on the
PCI-1200.

* Appendix D, OKI MSM82C55A Data Sheet, contains a manufacturer data sheet for the

MSMB82C55A CMOS programmable peripheral interface (OKI Semiconductor). This
interface is used on the PCI-1200.
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About This Manual

* Appendix E, Customer Communication, contains a form you can use to comment on the
product documentation. This appendix also contains information on how to access technical
assistance for your National Instruments product.

* The Glossary contains an alphabetical list and description of terms used in this manual,
including abbreviations, acronyms, metric prefixes, mnemonics, and symbols.

* The Index contains an alphabetical list of key terms and topics covered in this manual,
including the page where you can find each one.

Conventions Used in This Manual

The following conventions are used in this manual.

bold

bold italic

italic

Macintosh

monospace

NI-DAQ

PC

SCXI

<>

PCI-1200 RLPM

Bold text denotes menus, menu items, or dialog box buttons or options.

Bold italic text denotes a note, caution, or warning.

Italic text denotes emphasis, a cross reference, or an introduction to a key
concept.

Macintosh refers to all Macintosh computers with PCI bus, unless
otherwise noted.

Text in this font denotes text or characters that are to be literally input
from the keyboard, sections of code, programming examples, and syntax
examples. This font is also used for the proper names of disk drives,
paths, directories, programs, subprograms, subroutines, device names,
functions, variables, filenames, and extensions, and for statements and
comments taken from program code.

NI-DAQ is used in this manual to refer to the NI-DAQ driver software,
unless otherwise noted.

PC refers to all PC compatible computers with PCI bus, unless otherwise
noted.

SCXI stands for Signal Conditioning eXtensions for Instrumentation and
is a National Instruments product line designed to perform front-end signal
conditioning for National Instruments plug-in DAQ boards.

Angle brackets containing numbers separated by an ellipses represent a
range of values associated with a bit, signal, or port (for example,
ACH<O0..7> stands for ACHO through ACH?7).

X © National Instruments Corporation



About This Manual

Abbreviations, acronyms, metric prefixes, mnemonics, symbols, and terms are listed in the
Glossary.

National Instruments Documentation

The PCI-1200 Register-Level Programmer Manual is one piece of the documentation set for
your data acquisition (DAQ) system. You could have any of several types of manuals,
depending on the hardware and software in your system. Use the different types of manuals you
have as follows:

*  Getting Started with SCXI—If you are using SCXI, this is the first manual you should read.
It gives an overview of the SCXI system and contains the most commonly needed
information for the modules, chassis, and software.

*  Your SCXI hardware user manuals—If you are using SCXI, read these manuals next for
detailed information about signal connections and module configuration. They also explain
in greater detail how the module works and contain application hints.

*  Your DAQ hardware user manuals—These manuals have detailed information about the
DAQ hardware that plugs into or is connected to your computer. Use these manuals for
hardware installation and configuration instructions, specification information about your
DAQ hardware, and application hints.

* Software manuals—Examples of software manuals you may have are the LabVIEW or
LabWindows"/CVI manual sets and the NI-DAQ manuals. After you set up your hardware
system, use either the LabVIEW, LabWindows/CVI, or NI-DAQ manuals to help you write
your application. If you have a large and complicated system, it is worthwhile to look
through the software manuals before you configure your hardware.

* Accessory installation guides or manuals—If you are using accessory products, read the
terminal block and cable assembly installation guides or accessory board user manuals. They
explain how to physically connect the relevant pieces of the system. Consult these guides
when you are making your connections.

*  SCXI Chassis Manual—If you are using SCXI, read this manual for maintenance information
on the chassis and installation instructions.

© National Instruments Corporation Xi PCI-1200 RLPM



About This Manual

Related Documentation

The following National Instruments document contains information that you may find helpful as
you read this manual:

*  Application Note 025, Field Wiring and Noise Considerations for Analog Signals

The following documents also contain information that you may find helpful as you read this
manual:

*  Your computer’s technical reference manual

*  PCI Local Bus Specification, Revision 2.0

Customer Communication

National Instruments wants to receive your comments on our products and manuals. We are
interested in the applications you develop with our products, and we want to help if you have
problems with them. To make it easy for you to contact us, this manual contains a comment
form for you to complete. This form is in Appendix E, Customer Communication, at the end of
this manual.

PCI-1200 RLPM Xii © National Instruments Corporation



Chapter 1
General Description

This chapter describes the general characteristics and gives a configuration overview of the
PCI-1200.

General Characteristics

Thank you for purchasing the PCI-1200, a low-cost, high-performance multifunction analog,
digital, and timing board for PCI bus computers. The PCI-1200 has eight analog input channels
that you can configure as eight single-ended or four differential inputs; a 12-bit successive-
approximation ADC; two 12-bit DACs with voltage outputs; 24 lines of TTL-compatible digital
I/O; and three 16-bit counter/timers for timing I/O.

The PCI-1200 is a member of the National Instruments PCI Series of expansion boards for PCI
bus computers. These boards are designed for high-performance data acquisition and control for
applications in laboratory testing, production testing, and industrial process monitoring and control.
You can use the TTL-compatible digital I/O lines for switching external devices such as transistors
and solid-state relays, for reading the status of external digital logic, and for generating interrupts.
You can use the counter/timers to synchronize events, generate pulses, and measure frequency and
time. The PCI-1200, used in conjunction with the computer, is a versatile, cost-effective platform
for laboratory test, measurement, and control.

This manual is intended for programming at the register level. Even if you are an experienced
register-level programmer, consider using NI-DAQ or other National Instruments application
software to program the PCI-1200. If NI-DAQ does not support your operating system, or you
have other reasons to write your own register-level programs, continue reading this manual.

Board Configuration Overview

This section is a reference to the PCI-1200 configuration options. You should already have
unpacked and installed your PCI-1200. Refer to your PCI-1200 User Manual if you have not
already performed these tasks.

© National Instruments Corporation 1-1 PCI-1200 RLPM



General Description Chapter 1

Analog Input Configuration

The PCI-1200 is completely software configurable, and at startup, defaults to the following
configuration:

* Referenced single-ended input mode
e +5V analog input range
Table 1-1 lists the available analog I/O configurations for the PCI-1200 and shows the default

settings.

Table 1-1. Analog Input Settings

Parameter Configuration
Analog Input Range Bipolar—=5 V (default setting)
Unipolar—O to 10 V
Analog Input Mode Referenced single-ended (RSE) (default setting)
Nonreferenced single-ended (NRSE)
Differential (DIFF)

The analog input circuitry is software configurable.

Analog Output Configuration

At startup, the two channels of analog output of the PCI-1200 default to the following
configuration:

e +5 V analog output range
Table 1-2 lists the available analog I/O configurations for the PCI-1200 and shows the default

settings.

Table 1-2. Analog Output Settings

Parameter Configuration

Analog Output Range Bipolar—=5 V (default setting)
Unipolar—O0 to 10 V

The analog output circuitry is software configurable.
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Chapter 1 General Description

Digital I/O Configuration

The PCI-1200 uses the MSM82CS55A PPI, which provides 24 digital lines in the form of three
ports—A, B, and C. On power up, all three ports reset to mode O input. Appendix D, OKI
MSM82C55A Data Sheet, has the 82C55A data sheets that you need to program the digital 1/0.

Counter Configuration

You can use the MSM82C53 counter/timers for general-purpose applications, such as pulse and
square wave generation, event counting, and pulse width, time-lapse, and frequency measurement.
Appendix C, OKI MSM82C53 Data Sheet, has the 82C53 data sheet that you need to program the
counters/timers.
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Chapter 2
Register Map and Descriptions

This chapter describes in detail the address and function of each of the PCI-1200 registers.

Register Map

Table 2-1 shows the register map for the PCI-1200 and lists the register name, address, type
(read-only, write-only, or read-write), and size in bits.

Table 2-1 divides the PCI-1200 registers into six groups. The Configuration and Status Register
Group controls the overall operation of the PCI-1200. The Analog Input Register Group reads
output from the 12-bit successive-approximation ADC and can initiate conversions. The Analog
Output Register Group accesses the two 12-bit DACs. The two Counter/Timer Register Groups
(A and B) access each of the two onboard 82C53 counter/timer integrated circuits. The Digital
I/O Register Group consists of the four registers of the onboard 82C55A PPI integrated circuit
that are used for digital I/O. The Interval Counter registers are used in single-channel interval-
scanning acquisition.

The PCI-1200 registers are 8-bit registers. To transfer 16-bit data, you must perform two
consecutive memory readings or writings. For example, to read the 16-bit A/D conversion
result, you must make two consecutive 8-bit readings of the FIFO. The first reading returns the
low byte of the 16-bit data, and the second returns the high byte of the data.
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Table 2-1. PCI-1200 Register Map
Register Name Address Offset Type Size
(Hex)
Configuration and Status Register Group
Command Register 1 00 Write-only 8-bit
Command Register 2 01 Write-only 8-bit
Command Register 3 02 Write-only 8-bit
Command Register 4 OF Write-only 8-bit
Command Register 5 1C Write-only 8-bit
Command Register 6 OE Write-only 8-bit
Status Register 1 00 Read-only 8-bit
Status Register 2 1D Read-only 8-bit
Analog Input Register Group
A/D FIFO Register 0A Read-only 8-bit
A/D FIFO Clear Register 08 Write-only 8-bit
Start Convert Register 03 Write-only 8-bit
Analog Output Register Group
DACO Low-Byte Register 04 Write-only 8-bit
DACO High-Byte Register 05 Write-only 8-bit
DACI1 Low-Byte Register 06 Write-only 8-bit
DACI1 High-Byte Register 07 Write-only 8-bit
82C53 Counter/Timer Register Group A
Counter A0 Data Register 14 Read-Write 8-bit
Counter Al Data Register 15 Read-Write 8-bit
Counter A2 Data Register 16 Read-Write 8-bit
Counter A Mode Register 17 Write-only 8-bit
Timer Interrupt Clear Register 0C Write-only 8-bit
82C53 Counter/Timer Register Group B
Counter BO Data Register 18 Read-Write 8-bit
Counter B1 Data Register 19 Read-Write 8-bit
Counter B2 Data Register 1A Read-Write 8-bit
Counter B Mode Register 1B Write-only 8-bit
82C55A Digital I/0 Register Group
Port A Register 10 Read-Write 8-bit
Port B Register 11 Read-Write 8-bit
Port C Register 12 Read-Write 8-bit
Digital Control Register 13 Write-only 8-bit
Interval Counter Register Group
Interval Counter Data Register 1E Write-only 8-bit
Interval Counter Strobe Register 1F Write-only 8-bit
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Register Description Overview

The remainder of this chapter discusses each of the PCI-1200 registers in the order shown in
Table 2-1. Each register group is introduced, followed by a detailed bit description of each
register on the PCI-1200. For a detailed bit description of each register concerning the 82C53 (A
or B) chip or the 82C55A chip on the PCI-1200, refer to Appendix C, OKI MSMS82C53 Data
Sheet, or Appendix D, OKI MSM82C55A Data Sheet. The individual register description gives
the address, type, word size, and bit map of the register, followed by a description of each bit.

The register bit map shows a diagram of the register with the most significant bit (MSB), bit 7
for an 8-bit register, shown on the left, and the least significant bit (LSB), bit 0, shown on the
right. A rectangle labeled with the bit name inside its rectangle represents each bit. An asterisk
(*) after the bit name indicates that the bit is inverted (negative logic).

In a few of the registers, several bits are labeled with an X, indicating don’t care bits. When you
read a register, these bits may appear set or cleared but should be ignored because they have no
significance. When you write to a register, these bit locations should always be written with a 0.

The bit map field for some write-only registers states not applicable, no bits used. Writing to
these registers causes some event to occur on the PCI-1200, such as clearing the analog input
circuitry. The data is ignored when writing to these registers; therefore, any bit pattern will
suffice.

Note: Always write a 0 to registers with don’t care bits.
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Configuration and Status Register Group

The eight registers of the Configuration and Status Register Group allow general control and
monitoring of the PCI-1200 A/D and D/A circuitry.

Command Register 1 and Command Register 2 contain bits that control the operation modes of
the A/D and D/A circuitry. Command Register 3 enables or disables interrupt operations. Use
Command Register 4 to select the analog input mode and to allow certain DAQ signals to be
externally driven at the I/O connector. Use Command Register 5 for software calibration of the
A/D circuitry. Use Command Register 6 to enable and disable interrupt operations and to
configure the A/D and D/A circuitry.

Status Register 1 reports the status of a DAQ operation and the status of analog output during
waveform generation. Status Register 2 reports the status of a DAQ operation and gives access
to the output of the EEPROM.

Upon power up, all of the Command Registers are cleared.

Bit descriptions for the registers in the Configuration and Status Register Group are on the
following pages.
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Command Register 1

Use Command Register 1 to select the input channel you want to scan, the gain for the analog
input circuitry, the DAQ scanning mode, and the coding used for the output of the ADC.

Address: 00 (hex)
Type: Write-only

Word Size: 8-bit

Bit Map:
7 6 5 4 3 2 1 0
[ SCANEN | GAIN2 | GAINI | GAINO [TwoscMpP| MA2 | MAl | MaAo |
Bit Name Description
7 SCANEN Scan Enable—This bit enables or disables multiple-channel
scanning during data acquisition. Set this bit to scan the analog
channels as specified by MA<2..0> and SE*/DIFF (bit 3 of
Command Register 4). Clear this bit to sample a single analog
channel specified by MA<2..0> and SE*/DIFF during the entire
DAQ operation.
64 GAIN<2..0> Gain—These three bits select the gain setting as follows:
GAIN<2..0> Selected Gain
000 1
001 Invalid
010 2
011 5
100 10
101 20
110 50
111 100
3 TWOSCMP Two’s Complement—This bit selects the coding format of the

ADC output. Set this bit to sign-extend the 12-bit data from the
ADC to 16 bits (two's complement). Clear this bit to make bits 12
through 15 return O (straight binary).
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Bit Name Description (continued)

2-0 MA<2..0> Multiplexer Address—These three bits select which of the eight
input channels are scanned. The analog input multiplexers depend
on these bits and also on SCANEN, SCANUP (bit 7 of Command
Register 6), and SE*/DIFF. Input channels are selected as follows:

Selected Analog Input Channels

MA<2..0> Single-Ended Differential
Mode Mode
Scan Scan Scan
Disabled/Enabled| Disabled Enabled

000 0 0 0
001 1 0 2
010 2 2 4
011 3 2 6
100 4 4 0
101 5 4 2
110 6 6 4
111 7 6 6

In single-ended mode (SE*/DIFF cleared), if you set SCANEN and
clear SCANUP, analog channels MA<2..0> through 0O are sampled
sequentially. In single-ended mode (SE*/DIFF cleared), if you set
SCANEN and set SCANUP, analog channels 0 through MA<2..0>
are sampled sequentially. If you clear SCANEN, a single analog
channel specified by MA<2..0> is sampled during the entire DAQ
operation.

In DIFF mode, the number of analog inputs reduces to four. The
single-ended input channels 0 and 1 (pins 3 and 4) become
differential input channel 0. The single-ended input channels 2
and 3 (pins 5 and 6) become differential input channel 2. There
are no odd differential input channels.

PCI-1200 RLPM 2-6 © National Instruments Corporation



Chapter 2 Register Map and Descriptions

Command Register 2

Command Register 2 contains eight bits that control the PCI-1200 analog input trigger modes,
analog output update modes, and the coding scheme of the DACs.

Address: 01 (hex)
Type: Write-only
Word Size:  8-bit

Bit Map:

7 6 5 4 3 2 1 0
[ LDACI | LDACO | 2SDAC1 | 2SDACO | TBSEL | SWTRIG | HWTRIG | PRETRIG |

Bit Name Description

7 LDACI1 Load DAC1—This bit determines how DACI1 will be updated. If
you set this bit, DACI1 updates its output at regular intervals as
determined by counter A2 or the EXTUPDATE* signal at the I/O
connector. If you clear this bit, the voltage output of DACI is
immediately updated when data is loaded into the DAC1 High-
Byte Register.

6 LDACO Load DACO—This bit determines how DACO will be updated. If
you set this bit, DACO updates its output at regular intervals as
determined by counter A2 or the EXTUPDATE* signal at the I/O
connector. If you clear this bit, the voltage output of DACO is
immediately updated when data is loaded into the DACO High-
Byte Register.

5 2SDACI1 Two’s Complement DAC1—This bit selects the binary coding
scheme used for the DAC1 data. If you set this bit, a two's
complement binary coding scheme is used for interpreting the
12-bit data. Two's complement is used with bipolar output mode.
If you clear this bit, a straight binary coding scheme is used.
Straight binary is used with unipolar output mode.

4 2SDACO Two’s Complement DACO—This bit selects the binary coding
scheme used for the DACO data. If you set this bit, a two's
complement binary coding scheme is used for interpreting the
12-bit data. Two's complement is used with bipolar output mode.
If you clear this bit, a straight binary coding scheme is used.
Straight binary is used with unipolar output mode.

© National Instruments Corporation 2-7 PCI-1200 RLPM



Register Map and Descriptions

Bit Name

3 TBSEL

2 SWTRIG
1 HWTRIG
0 PRETRIG
PCI-1200 RLPM

Chapter 2

Description (continued)

Time Base Select—This bit selects the clock source for

counter AQ, the sample interval timer. If you clear this bit, a

1 MHz clock drives counter A0, and the interval between samples
is the value loaded into counter AO multiplied by 1 ps. If you set
this bit, the output of counter BO is used as the clock source. The
timebase for counter BO is fixed at 2 MHz. The sample interval is
the value loaded into counter AO multiplied by the period of the
output signal from counter BO.

Software Trigger—This bit is a software trigger for a DAQ
operation. You can trigger a DAQ operation by setting this bit.
The terminal count signal of counter Al or a cleared SWTRIG
terminates a DAQ process.

Hardware Trigger—This bit enables or disables the posttrigger
mode using the EXTTRIG signal at the I/O connector. If you set
this bit, you can use the EXTTRIG signal to trigger a DAQ
operation in place of SWTRIG. A DAQ process is terminated by a
terminal count signal of counter Al or by writing to the A/D FIFO
Clear Register. You must clear PRETRIG to use this mode.

Pretrigger—This bit enables or disables the pretrigger mode using
the EXTTRIG signal at the I/O connector. If you set this bit, you
can use the EXTRIG signal at the I/O connector to terminate a
DAQ operation by using counter Al. Data acquisition is
terminated by a terminal count on A1l. You must clear the
HWTRIG to use this mode.
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Command Register 3

Register Map and Descriptions

The Command Register 3 contains four bits that enable and disable interrupts for a DAQ

operation and for digital I/O.
Address: 02 (hex)

Type: Write-only

Word Size: 8-bit

Bit Map:
7 6 5 4 3 2 1 0
0 [ 0 |FIFOINTEN | ERRINTEN | CNTINTEN| 0 | DIOINTEN | DMAEN |

Bit Name Description

7,6,

2 0 Always leave these bits cleared.

5 FIFOINTEN FIFO Interrupt Enable—This bit enables and disables the
generation of an interrupt when an A/D conversion result is
available to be read from the A/D FIFO. If you set FIFOINTEN,
an interrupt is generated whenever the DAV AIL bit becomes set in
Status Register 1. Service this interrupt by reading the data from
the FIFO.

4 ERRINTEN Error Interrupt Enable—This bit enables and disables the
generation of an interrupt when an A/D error condition is detected.
If you set ERRINTEN, an interrupt is generated whenever the
OVERFLOW or OVERRUN bit becomes set in Status Register 1.
Service the interrupt by writing to the A/D FIFO Clear Register.

3 CNTINTEN Counter Interrupt Enable—This bit enables the counter A2 output

or the EXTUPDATE# signal to generate an interrupt. If you set
CNTINTEN, an interrupt occurs whenever the CNTINT bit
becomes set in Status Register 1. Clear this interrupt by writing to
the Timer Interrupt Clear Register. This interrupt allows
waveform generation on the analog output because the same signal
that sets the interrupt also updates the DAC output if the
corresponding LDAC bit in Command Register 2 is set.
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Bit Name
1 DIOINTEN
0 DMAEN

Command Register 4

Chapter 2

Description (continued)

DIO Interrupt Enable—This bit enables or disables generation of
an interrupt when either Port A or Port B is ready to transfer data,
and an interrupt request is set via PC3 or PCO of 82C55A. See
Appendix D, OKI MSM82C55A Data Sheet, for details. Clear this
interrupt by clearing PC3 or PCO. If you clear DIOINTEN, the
interrupts from PC3 or PCO are disabled.

DMA Enable—This bit enables or disables Analog Input DMA
transfers. If DMAEN is set, a DMA request is generated whenever
an A/D conversion result is available. If DMAEN is cleared, no
DMA request will be generated.

See the DAQ DMA Programming section in Chapter 3,
Programming, for more information.

Use this register to select the analog input mode, to enable interval scanning, and to allow the I/O
connector pins to externally drive certain DAQ signals.

Address: OF (hex)
Type: Write-only

Word Size: 8-bit

Bit Map:
7 6 4 3 2 1 0
| 0o | | EcLKRCV | SE*DIFF | ECLKDRV | EOIRCV | INTSCAN

Bit Name Description

7-5 0 Always leave these bits cleared.

4 ECLKRCV External Clock Receive—This bit disables or enables the external
signal EXTCONV*. If you set this bit, transitions on EXTCONV*
will not effect data acquisition. If you clear this bit, a falling edge
on EXTCONV* initiates an A/D conversion if ECLKDRYV is
cleared.
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Bit

3

2

1

0

Name

SE*/DIFF

ECLKDRYV

EOIRCV

INTSCAN

Register Map and Descriptions

Description (continued)

Single-Ended/Differential—This bit, along with bit 0 of Command
Register 6 (RSE*/NRSE), selects one of three analog input modes
of the PCI-1200. You can select the single-ended mode by
clearing this bit and you can select the differential mode by setting
this bit. Refer to the PCI-1200 User Manual for an explanation of
the different modes. The following table illustrates how to choose
the various input modes by using SE*/DIFF and RSE*/NRSE.

RSE*/NRSE SE*/DIFF Input Mode
0 0 RSE (reset condition)
1 0 NRSE
X 1 DIFF

External Clock Drive—When you clear this bit (default power up),
you can drive the EXTCONV* pin at the I/O connector to cause
conversions (if ECLKRCYV is also cleared). When you set this bit,
you enable internally timed conversions and the conversion pulses
are driven onto the EXTCONV* pin for synchronizing channels on
SCXI modules (if used with SCXI).

External Output Interval Clock Receive—This bit selects the clock
source for interval scanning. If you clear this bit, counter B1
drives the interval scanning circuitry. This will also configure
OUTBI1 on the I/O connector as an output signal. If you set this
bit, OUTB1 on the I/O connector is selected as an input signal and
allows you to externally drive the interval scanning circuitry.

Interval Scan—This bit selects the DAQ mode. When you set this
bit, the PCI-1200 performs interval data acquisition. If you clear
this bit, freerun or controlled data acquisition occurs. For an
explanation of the different modes, refer to Chapter 4, Theory of
Operation, in the PCI-1200 User Manual. Also, this bit selects the
clock source for counter B1 used in interval scanning. If interval
scanning is disabled INTSCAN = 0), then counter B1 is available
for user applications. You can then drive CLKB1 externally at the
I/O connector. If interval scanning is enabled (INTSCAN = 1), the
clock source of counter A0 also drives CLKB1. This source can
further be selected by using the TBSEL bit in Command

Register 2.
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Command Register 5

Use Command Register 5 for software calibration of the A/D and D/A circuitry, for interaction
with the EEPROM, and for enabling dither.

Address: 1C (hex)
Type: Write-only
Word Size:  8-bit

Bit Map:

7 6 5 4 3 2 1 0
EEPROMCS| SDATA SCLK CALDACLD| DITHEREN | WRTPRT* 0 0

Bit Name Description

7 EEPROMCS EEPROM Chip Select—This bit enables and disables the
EEPROM. You can enable the EEPROM for both read and write
operations by setting this bit. You can disable the EEPROM by
clearing this bit. Notice that this bit is inverted on the PCI-1200 to
make EEPROMCS* as explained in Chapter 5, Calibration, in
your PCI-1200 User Manual.

6 SDATA Serial Data—This bit is a serial data input for both the calibration
DACs and the EEPROM.

5 SCLK Serial Clock—This bit is a serial clock for both the calibration
DACSs and the EEPROM. A low-to-high transition of this bit
clocks data into the EEPROM (during a write operation) and the
calibration DAC. A high-to-low transition of the bit clocks data
out of the EEPROM (during a read operation).

4 CALDACLD Calibration DAC Load—This bit updates the calibration DACs.
After you load the calibration DAC address and data, set
CALDACLD high to update the selected CALDAC output signal.

3 DITHEREN Dither Enable—This bit enables or disables the dither circuitry.
When you set this bit, 0.5 LSB of white Gaussian noise is added to
the selected analog input signal. By enabling dither and using
averaging, you can achieve greater input resolution.

2 WRTPRT* Write Protect—This bit controls the write protect input signal for
the EEPROM. When you set this bit, you enable normal write
operations. When you clear this bit, you disable write operations.

1,0 0 Always leave these bits cleared.
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Command Register 6

Register Map and Descriptions

Use Command Register 6 to enable A/D interrupts and to configure the A/D and D/A circuitry.

Address: OE (hex)

Type:
Word Size:  8-bit

Write-only

Bit Map:
7 6 5 4 3 2 1 0
[ SCANUP | DQINTEN | HFINTEN | 0 |[DAC1UNI/BI*|DACOUNI/BI*| ADCUNI/BI*| RSE*/NRSE |

Bit Name

7 SCANUP

6 DQINTEN

5 HFINTEN

4 0

3 DACI1UNI/BI*
2 DACOUNI/BI*
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Description

Scan Up—This bit selects the order in which the analog input
channels are scanned. Clear this bit to select down counting
(highest numbered channel scanned first). Set this bit to select up
counting (channel O scanned first).

DAQ Interrupt Enable—This bit enables and disables the end of a
DAQ operation interrupt. Set this bit to generate an interrupt
whenever the OUTAL bit in Status Register 2 becomes set.
Service this interrupt by resetting counter Al. Clear this bit to
disable interrupt generation.

Half-Full Interrupt Enable—This bit enables and disables the FIFO
half-full interrupt. Set this bit to generate an interrupt whenever
the FIFOHF* bit in Status Register 2 becomes cleared. Service
this interrupt by reading data from the FIFO. Clear this bit to
disable interrupt generation.

Always leave this bit cleared.

DACI Unipolar/Bipolar—This bit sets the analog voltage output
range for DACI. Set this bit to configure DACI for a unipolar
(0 to +10 V) output voltage range. Clear this bit to configure
DACI for a bipolar (-5 to +5 V) output voltage range.

DACO Unipolar/Bipolar—This bit sets the analog voltage output
range for DACO. Set this bit to configure DACO for a unipolar
(0 to +10 V) output voltage range. Clear this bit to configure
DACO for a bipolar (-5 to +5 V) output voltage range.
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Bit Name

1 ADCUNI/BI*
0 RSE*/NRSE
PCI-1200 RLPM

Chapter 2

Description

ADC Unipolar/Bipolar—This bit sets the analog voltage input
range for data acquisition. Set this bit to select a unipolar (0 to
+10 V) voltage input range. Clear this bit to select a bipolar (-5 to
+5 V) voltage input range.

Referenced Single-Ended/Nonreferenced Single-Ended—This bit,
and bit 3 of Command Register 4 (SE*/DIFF), selects one of three
input modes of the PCI-1200. The status of RSE*/NRSE is only
important with the single-ended analog-input modes. Set this bit to
select the nonreferenced single-ended mode. Clear this bit to
select the referenced single-ended mode. For an explanation of the
three input modes, refer to the PCI-1200 User Manual.
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Status Register 1

Register Map and Descriptions

Status Register 1 indicates the status of the current DAQ operation and the status of analog
output during waveform generation. These bits indicate if a DAQ operation is in progress or if
data is available, whether any errors have been found, and the analog output interrupt status.

Address:
Type:
Word Size:  8-bit
Bit Map:

7 6

00 (hex)
Read-only

5 4 3 2 1 0

| X

[EXTGATAO| GATAO | X

| CNTINT |OVERFLOW| OVERRUN| DAVAIL |

Bit Name
7,4 X
6 EXTGATAO

5 GATAO

3 CNTINT

2 OVERFLOW

1 OVERRUN

0 DAVAIL
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Description
Don’t care bits.

External Gate AO—This bit indicates the status of the external
trigger signal (EXTTRIG) during a DAQ operation in posttrigger
mode. If this bit is set, EXTTRIG has triggered a DAQ operation.
Clear this bit by writing to the A/D FIFO Clear Register.

Gate AO—This bit indicates the status of the GATEAO input for
counter AQ. Use this bit as a busy indicator for DAQ operations
because conversions are enabled as long as GATEADO is high and
counter AQ is programmed appropriately. A DAQ operation is
terminated when GATADO is cleared.

Counter Interrupt—This bit reflects the status of the interrupt caused
by counter A2 output or the EXTUPDATE* signal. A low-to-high
transition on counter A2 output or on EXTUPDATE* sets this bit.
You can generate an interrupt if you set CNTINTEN in Command
Register 3. Clear this bit by writing to the Timer Interrupt Clear
Register.

Overflow—This bit indicates if an overflow error has occurred. If
this bit is cleared, no error was encountered. If this bit is set, the
A/D FIFO has overflowed because the DAQ servicing operation
could not keep up with the sampling rate.

Overrun—This bit indicates if an overrun error has occurred. If this
bit is cleared, no error occurred. This bit is set if a convert command
is issued to the ADC while the last conversion is still in progress.

Data Available—This bit indicates if conversion output is available.
If this bit is set, the ADC is finished with the last conversion and the
result can be read from the FIFO. This bit is cleared if the FIFO is
empty.
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Status Register 2

Chapter 2

Status Register 2 reports the status of a DAQ operation and the FIFO half-full output and gives
access to the output of the EEPROM.

Address: 1D (hex)
Type: Read-only
Word Size:  8-bit

Bit Map:

3 2 1 0

4
X [ X [ X | FIFOHF* | OUTA1 |PROMOUT |

Bit Name

7-3 X

2 FIFOHF*

1 OUTALl

0 PROMOUT

PCI-1200 RLPM

Description
Don’t care bits.

FIFO Half-Full—This bit indicates the status of the FIFO half-full
output. If this bit is low, the FIFO is at least half full. If this bit is
high, the FIFO is less than half full.

Output Counter A1—This bit indicates the status of the output
signal of counter Al. If the user sets the counter A1 mode for a
terminal count, OUTA1 low indicates counter A1 has not started
counting or that counting is in progress. OUTA1 high indicates
that counter A1 has finished counting.

EEPROM Output—This bit allows access to the serial output pin
of the EEPROM. During calibration procedures, the software
reads the calibration data from the EEPROM through PROMOUT
and writes the data to the calibration DACs.
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Analog Input Register Group

The three registers making up the Analog Input Register Group control the analog input circuitry
and the FIFO. Reading the FIFO Register returns stored A/D conversion results. Writing to the
Start Convert Register initiates a single A/D conversion. Writing to the A/D FIFO Clear
Register clears the analog input circuitry.

Bit descriptions for the registers of the Analog Input Register Group are on the following pages.
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A/D FIFO Register

The 12-bit A/D conversion results are sign-extended to 16-bit data in either two's complement or
straight binary format and are stored into a 4 K word deep A/D FIFO buffer. Two consecutive
8-bit readings of the A/D FIFO Register return an A/D conversion value stored in the A/D FIFO.
The first reading returns the low byte of the 16-bit value, and the second reading returns the high
byte. The value read is removed from the A/D FIFO, thereby freeing space for another A/D
conversion value to be stored.

The A/D FIFO is empty when all values it contains are read. The DAVAIL bit in

Status Register 1 should be read before the A/D FIFO Register is read. If the A/D FIFO contains
one or more A/D conversion values, the DAVAIL bit is set and the A/D FIFO Register can be
read to retrieve a value. If the DAVAIL bit is cleared, the A/D FIFO is empty. Therefore,
reading the A/D FIFO Register returns meaningless information.

The values returned by reading the A/D FIFO Register are available in two different binary
formats: straight binary or two's complement binary. The binary format used is selected by the
TWOSCMP bit in Command Register 1. The bit pattern returned for either format is as follows.
Address: 0A (hex)

Type: Read-only

Word Size: 8-bit

Bit Map: Straight binary mode
High Byte
7 6 5 4 3 2 1 0
0 | 0 | 0 [ 0 [ D11 | D10 | D9 [ D8 |
Low Byte
7 6 5 4 3 2 1 0
D7 | D6 | D5 [ D4 | D3 | D2 | D1 [ DO |
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Bit Name
High Byte
7-4 0

3-0 D<11..8>

Low Byte

7-0 D<7..0>

Register Map and Descriptions

Description

These bits always return 0 in straight binary mode.

Data—These bits contain the high byte of the straight binary result
of a 12-bit A/D conversion. Values made up of D<11..0> range
from 0 to +4,095 decimal (0000 to OFFF hex). Straight binary
mode is useful for unipolar analog input readings because all
values read reflect a positive polarity input signal.

Data—These bits contain the low byte of the straight binary result
of a 12-bit A/D conversion. The first of the two consecutive
readings of the A/D FIFO Register returns this byte.

Bit Map: Two's complement binary mode
High Byte
7 5 4 3 2 1 0
DI5 | D14 pDi3 [ D12 | D11 | Do | D9 [ D8 |
Low Byte
7 6 5 4 3 2 1 0
D7 | D6 D5 [ D4 | D3 | D2 | DI [ DO |
Bit Name Description
High Byte

Low Byte

7-0 D<7..0>
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Data—These data bits contain the high byte of the 16-bit, sign-
extended two's complement result of a 12-bit A/D conversion.
Values made up of D<15..0>, therefore, range from -2,048 to
+2,047 decimal (F800 to O7FF hex). Two's complement mode is
useful for bipolar analog input readings because the values read
reflect the polarity of the input signal.

Data—These data bits contain the low byte of the 16-bit, sign-
extended two's complement result of a 12-bit A/D conversion. The
first of the two consecutive readings of A/D FIFO Register returns
this byte.
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A/D FIFO Clear Register

Write to this register to reset the ADC FIFO. This operation clears the FIFO, clears the
DAVALIL bit, and sets the FIFOHF* bit. All error bits in Status Register 1 are cleared.

Address: 08 (hex)
Type: Write-only
Word Size:  8-bit

Bit Map: Not applicable, no bits used

Start Convert Register

Write to the Start Convert Register to initiate a single A/D conversion.
Address: 03 (hex)

Type: Write-only

Word Size:  8-bit

Bit Map: Not applicable, no bits used
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Analog Output Register Group

Use the four registers of the Analog Output Register Group to load the two 12-bit DACs. DACO
controls analog output channel 0. DAC1 controls analog output channel 1. Write to these DACs
individually.

Bit descriptions of the registers making up the Analog Output Register Group are on the
following pages.

Note: DACx represents DACO and DACI registers. LDACx represents LDACO and LDACI
bits.
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DACO Low-Byte, DACO High-Byte, DAC1 Low-Byte, and DAC1 High-Byte Registers

Write to DACO Low-Byte and then to DACO High-Byte to load DACO0. Write to DAC1
Low-Byte and then to DAC1 High-Byte to load DACI. If you clear the LDACx bit in Command
Register 2, then the corresponding analog output channel is updated immediately after you write
to the DACx High-Byte register. If you set the LDACx bit, then the corresponding analog output
channel is updated when an active low pulse occurs on the output of counter A2 or on the
EXTUPDATE* line on the I/O connector.

Address: 04 (hex) DACO Low Byte.
05 (hex) DACO High Byte.

06 (hex) DACI Low Byte.
07 (hex) DACI High Byte.

Type: Write-only (all)

Word Size:  8-bit (all)

Bit Map:
DACxH
7 6 5 4 3 2 1 0
pDiI5 | D14 [ D13 | D12 | D11 [ Do | D9 [ DS |
DACxL
7 6 5 4 3 2 1 0
p7 | pbe | D5 | D4 | D3 | D2 | DI | DO |
Bit Name Description
DACxH
74 D<15..12> Data—Zero in straight binary mode, sign extension in two's
complement mode.
3-0 D<11..8> Data—These four bits are loaded into the specified DAC high
byte.
DACxL
7-0 D<7..0> Data—These eight bits are loaded into the specified DAC low

byte. The low byte should be loaded first, followed by the
corresponding high byte.
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82C53 Counter/Timer Register Groups A and B

The nine registers of the two counter/timer register groups access the two onboard 82C53
counter/timers. Each 82C53 has three counters. For convenience, the two counter/timer groups
and their respective 82C53 integrated circuits have been designated A and B. The three counters
of group A control onboard DAQ timing and waveform generation. You can use the three
counters of group B for general-purpose timing functions.

Each 82C53 has three independent 16-bit counters and one 8-bit Mode Register. The Mode
Register sets the mode of operation for each of the three counters.

Writing to the Timer Interrupt Clear Register clears the interrupt request asserted when a low
pulse is detected on the output of counter A2 or on the EXTUPDATE* line.

Bit descriptions for the registers in the Counter/Timer Register Groups are in the following
pages.
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Counter A0 Data Register

Use the Counter AQ Data Register to write data and read back the contents of 82C53(A)
counter 0. Counter AO is the sample interval counter for a DAQ operation.

Address: 14 (hex)
Type: Read-and-write

Word Size: 8-bit

Bit Map:
7 6 5 4 3 2 1 0
D7 | D6 | D5 [ D4 | D3 | D2 | D1 [ DO |
Bit Name Description
7-0 D<7..0> Data—8-bit counter A0 contents.

Counter A1 Data Register

Use the Counter A1 Data Register to write data and read back the contents of 82C53(A)
counter 1. Counter Al is the sample counter for a DAQ operation.

Address: 15 (hex)
Type: Read-and-write

Word Size: 8-bit

Bit Map:

7 6 5 4 3 2 1 0

D7 | D6 | D5 [ D4 | D3 | D2 | DI [ DO |
Bit Name Description
7-0 D<7..0> Data—=8-bit counter A1 contents.
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Counter A2 Data Register

Use the Counter A2 Data Register to write data and read back the contents of 82C53(A)
counter A2. Counter A2 is the DAC update timer for waveform generation.

Address: 16 (hex)
Type: Read-and-write

Word Size: 8-bit

Bit Map:

7 6 5 4 3 2 1 0
p7; | b6 | D5 | D4 | D3 | D2 | DI | DO |
Bit Name Description
70 D<7..0> Data—=8-bit counter A2 contents.
Counter A Mode Register

The Counter A Mode Register determines the operation mode for each of the three counters on
the 82C53(A) chip. The Counter A Mode Register selects the counter involved, its read/write
mode, its operation mode (that is, any of the 82C53 six operation modes), and the counting mode
(binary or BCD counting).

The Counter A Mode Register is an 8-bit register. Bit and programming descriptions for each of
these bits are in Appendix C, OKI MSMS82C53 Data Sheet.

Address: 17 (hex)
Type: Write-only
Word Size:  8-bit

Bit Map:

sct | sco | Rt [ RO | M2 | M1 [ MO | BCD |
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Timer Interrupt Clear Register

Write to the Timer Interrupt Clear Register to clear the interrupt request asserted when a low
pulse is detected on the counter A2 output or on EXTUPDATE* line.

Address: 0C (hex)
Type: Write-only
Word Size:  8-bit

Bit Map: Not applicable, no bits used.

Counter B0 Data Register

Use the Counter BO Data Register to write data and read back the contents of 82C53(B)
counter 0. Counter BO either supplies the time base clock for counter A0 or is reserved for
external usage.

Address: 18 (hex)

Type: Read-and-write

Word Size: 8-bit

Bit Map:
7 6 5 4 3 2 1 0
D7 | D6 | D5 [ D4 | D3 | D2 | DI [ DO |
Bit Name Description
7-0 D<7..0> Data—=8-bit counter BO contents.
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Counter B1 Data Register

Register Map and Descriptions

Use the Counter B1 Data Register to write data and read back the contents of 82C53(B)
counter 1. Counter B1 is either the interval timer for a DAQ operation or is reserved for external

usage.
Address: 19 (hex)
Type: Read-and-write

Word Size: 8-bit

Bit Map:
7 6 5 4 3 2 1 0
D7 | D6 | D5 [ D4 | D3 | D2 D1 [ DO |
Bit Name Description
7-0 D<7..0> Data—=8-bit counter B1 contents.

Counter B2 Data Register

Use the Counter B2 Data Register to write data and read back the contents of 82C53(B)

counter 2. Counter B2 is reserved for external usage.
Address: 1A (hex)
Type: Read-and-write

Word Size: 8-bit

Bit Map:
7 6 5 4 3 2 1 0
D7 | D6 | D5 [ D4 | D3 | D2 D1 [ DO |
Bit Name Description
7-0 D<7..0> Data—S8-bit counter B2 contents.
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Counter B Mode Register

The Counter B Mode Register determines the operation mode for each of the three counters on
the 82C53(B) chip. The Counter B Mode Register selects the counter involved, its read/write
mode, its operation mode (that is, any of the 82C53 six operation modes), and the counting mode
(binary or BCD counting).

The Counter Mode Register is an 8-bit register. Bit descriptions for each of these bits are in
Appendix C, OKI MSM82C53 Data Sheet.

Address: 1B (hex)
Type: Write-only

Word Size: 8-bit

Bit Map:
7 6 5 4 3 2 1 0
sct | sco | RLI [ RLO | M2 | M1 [ MO [ BCD |
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82CS55A Digital I/0O Register Group

The four registers of the Digital I/O register group access the 82C55A peripheral interface. The
82C55A is a general-purpose peripheral interface containing 24 programmable I/O pins. These
pins represent the three 8-bit I/O ports (A, B, and C) of the 82C55A and the 24 digital I/O lines
on the I/O connector. You can program these ports as two groups of 12 signals or as three
individual 8-bit ports. You can also configure them as either input or output pins. Use the
Digital Control Register to configure the three ports. For further information on the 82C55A,
refer to Appendix D, OKI MSMS82C55A Data Sheet.

Bit descriptions for the registers in the Digital I/O Register Group are on the following pages.
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Port A Register

Use the Port A Register to write and to read the eight digital I/O lines constituting port A on the
I/O connector (PA<0..7>). See Appendix D, OKI MSM82C55A Data Sheet, for information on
how to configure port A for input or output.

Address: 10 (hex)

Type: Read-and-write

Word Size: 8-bit

Bit Map:

7 6 5 4 3 2 1 0
py | pbe | D5 | D4 | D3 | D2 | DI | DO |
Bit Name Description
7-0 D<7..0> Data—S8-bit port A data.
Port B Register

Use the Port B Register to write and to read the eight digital I/O lines constituting port B, that is,
PB<0..7>. See Appendix D, OKI MSM82C55A Data Sheet, for information on how to configure
port B for input or output.

Address: 11 (hex)

Type: Read-and-write

Word Size: 8-bit

Bit Map:

7 6 5 4 3 2 1 0

D7 | D6 | D5 [ D4 | D3 | D2 | D1 [ DO |
Bit Name Description
7-0 D<7..0> Data—=8-bit port B data.
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Port C Register

You can use port C as an 8-bit I/O port like port A and port B if neither port A nor port B is used
in handshaking mode. If either port A or port B is configured for mode 1 or mode 2, some of the
bits in port C are used for handshaking signals. See Appendix D, OKI MSM82C55A Data Sheet,
for a description of the individual bits in the Port C Register.

Address: 12 (hex)

Type: Read-and-write

Word Size: 8-bit

Bit Map:
7 6 5 4 3 2 1 0
| D7 | D6 | D5 [ D4 | D3 | D2 | D1 [ DO |
Bit Name Description
7-0 D<7..0> Data—=8-bit port C data.

Digital Control Register

You can use the Digital Control Register to configure port A, port B, and port C as inputs or
outputs, and you can select simple mode (basic I/0O) or handshaking mode (strobed 1/O) for
transfers. See Appendix D, OKI MSM82C55A Data Sheet, for a description of the individual bits
in the Digital Control Register.

Address: 13 (hex)

Type: Write-only

Word Size: 8-bit

Bit Map:
7 6 5 4 3 2 1 0
[ cw7 | cwe | cws | cws | cw3s | cw2 | cwi | cwo |
Bit Name Description
7-0 CW<7..0> Control Word—=8-bit control word.
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Interval Counter Register Group

Use the 8-bit Interval Counter only in the single-channel interval scanning mode (SCANEN = 0
and INTSCAN = 1). Refer to the DAQ Operations section in Chapter 4, Theory of Operation, of
your PCI-1200 User Manual for an explanation of interval scanning mode. The Interval Counter
consists of two 8-bit registers—the Interval Counter Data Register and the Interval Counter
Strobe Register. Load the Interval Counter Data Register with the count. Writing to the Interval
Counter Strobe Register loads this count into the Interval Counter. The Interval Counter
decrements with each conversion. When the count reaches 0, the Interval Counter
autoinitializes, restoring the original count value.

Bit descriptions for the registers in the Interval Counter Register Group are on the following
pages.
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Interval Counter Data Register

Load the Interval Counter Data Register with the desired number of samples to be acquired
within a scan interval of a single channel DAQ operation.

Address: 1E (hex)
Type: Write-only

Word Size: 8-bit

Bit Map:
7 6 5 4 3 2 1 0
D7 | D6 | D5 [ D4 | D3 | D2 | D1 [ DO |
Bit Name Description
7-0 D<7..0> Data—Interval counter count.

Interval Counter Strobe Register

Writing to the Interval Counter Strobe Register strobes the contents of the Interval Counter Data
Register into the Interval Counter. This action arms the Interval Counter, which decrements with
each conversion pulse.

Address: 1F (hex)

Type: Write-only

Word Size: 8-bit

Bit Map:

7 6 5 4 3 2 1 0

0 | 0 | 0 [ 0 | 0 | 0 | 0 [ 1 |
Bit Name Description
7-1 0 Each of these bits must be O for proper operation of the PCI-1200.
0 1 This bit must be 1 for proper operation of the PCI-1200.
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Programming

This chapter contains programming instructions for operating the PCI-1200 circuitry, and
examples of the programming steps necessary to execute an operation. If you are not using
NI-DAQ, you must first initialize your board. The initialization steps are unique for PC and
Macintosh users, so refer to the section pertaining to your platform.

Programming the PCI-1200 involves writing to and reading from registers on the board. You will
find a listing of these registers in Chapter 2, Register Map and Descriptions, of this manual.

Register Programming Considerations

The PCI-1200 supports 8-bit memory transfers; thus, all the read-and-write operations are 8-bit
operations. You must do 16-bit transfers in two consecutive 8-bit operations.

Several write-only registers on the PCI-1200 contain bits that control several independent pieces
of the onboard circuitry. In the set or clear instructions, specific register bits should be set or
cleared without changing the current state of the remaining bits in the register. However, writing
to these registers affects all register bits simultaneously. Because you cannot read these registers
to determine their current status, you should maintain a software copy of the write-only registers.
To change the state of a single bit without disturbing the remaining bits, set or clear the bit in the
software copy and then write the modified software copy to the register.

PCl Local Bus

The PCI-1200 is fully compatible with the PCI Local Bus Specification, version 2.1, from the
PCI Special Interest Group (SIG). The PCI Local Bus is a high performance, 32-bit bus with
multiplexed address and data lines. The PCI system arbitrates and assigns resources through
software, freeing you from manually setting switches and jumpers. Bus-related resources must
be configured before you attempt to execute a register-level program. This entails the system
assigning a base address and interrupt channel to the PCI-1200.

You can use PCI local bus boards on both PC-compatible and Macintosh computers. However,

due to the differences in those systems, configuration will be different and performed through
different versions of NI-DAQ.
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Programming Examples

The programming examples in this section demonstrate the programming steps needed to perform
several different operations. The instructions are language independent; that is, they tell you to read
or write a given register or to detect if a given bit is set or cleared, without presenting the actual
code. The information given is not intended to be used without proper modification in a practical
solution.

Before you can implement any of the examples into a real application, you must know the base
memory address for your board. To process any interrupts, you must write and install an
applicable interrupt service routine.

Note: In this chapter all numbers preceded by Ox are hexadecimal.

Common terms that you will see used in the programming examples are listed below:

Write (address, data) Generic function call for a memory space Write of data to
address

Read (address) Generic function call for a memory space Read from
address

CWrite (offset, data) PCI configuration space write of data to PCI configuration

space offset

PCI-1200 Companion Diskette

The Companion Diskette contains code to perform the following operations. Be sure and first read
the readme . txt file on your diskette.

1. PCI Initialization—This operation is used to find and store the board’s resources and to
perform the address re-mapping, if applicable.

2. MITE Setup—If you do not use NI-DAQ, you must configure the MITE ASIC. This
operation performs that function.

3. MITE DMA Controller Programming—In order to use DMA to transfer data from the Al
FIFO, you must program the MITE DMA controller. The Al DMA example is a compilable
example which will demonstrate how to do this.

The Companion Diskette also contains the support files necessary to run the examples. The
support files for the PC are under the PC directory on the disk; the support files for the Macintosh
are under the Mac directory on the diskette, and all of the examples are under the Examples
directory. Include all of the files under the PC or Mac directory and the appropriate example file in
your project. In addition, Macintosh users should include the NI-DAQ library for Macintosh as a
shared library.

The support files for the PC include lowio.h, pcibios.h, 1200rlp.h, lowio.c,
pcibios.c,pc_rw.c,and pc_ini.c. lowio.c hasthe low level routines for memory
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reads and writes. 1200r1p.h declares the external function prototypes and the register addresses;
pc_ini. c includes the Setup_Mite function which searches for all PCI-1200 boards and stores
their resource information. pc_rw . ¢ contains the functions which read and write from board
discrete registers.

Note: The MITE DMA is only supported for Revision E and later versions of the board.

The support files for the Macintosh include 1200r1p.h, mac_rw.c and mac_ini.c. The
NI-DAQ Library has the routines for memory read and write. 1200r1p.h declares the external
function prototypes and the register addresses ; mac_ini . c includes the Setup_Mite function
which searches for all PCI-1200 boards and stores their resource information. mac_rw.c
contains the functions which read and write from board discrete registers. In addition, Macintosh
users should include the NI-DAQ library since the NI-DAQ library has the low-level routines for
reading the configuration information.

PCI Initialization for the PC

The PCI-1200 board uses the MITE Application Specific Integrated Circuit (ASIC) chip as the
PCI bus interface. National Instruments designed this ASIC specifically for data acquisition.

In order for the board to operate properly this chip must be configured properly. Ordinarily,
NI-DAQ performs this function, but if you are not using NI-DAQ, then you must configure the
MITE ASIC chip. The following sections explain how to accomplish this.

The initialization is done by the Setup_Mite () function. Setup_Mite () consists of three
parts. First, the function detects if the PCI local bus is present. The Is_PCTI () function uses
PCI BIOS! calls to verify that the PCI bus is present.

Second, the PCI bus is scanned for all National Instruments PCI-1200 boards. The function

find NI_Devices () uses PCI BIOS calls to find all PCI boards that contain the National
Instruments vendor ID (0x1093) and PCI-1200 device ID (0x0161). If a board is found, the
program stores the board’s pertinent information into a data structure.

Third, the MITE device windows must be configured. Base Address Register 0 (BARO)
corresponds to the base address of the MITE registers, while Base Address Register 1 (BARI)
is the base address of the board registers. The size of each of these windows is 4 KB. Both
addresses will most likely be mapped above 1 MB in the memory map. This means that in order
to communicate with the board you must know how to perform memory cycles to extended
memory. The Setup_Mite () function can re-map the board under 1 MB in the memory map,
which makes communicating with the board simpler. PCI BIOS read and write calls are used to
accomplish this. Use the pseudocode in this section to re-map the board below 1 MB. If you
choose not to re-map the board, you must still perform Steps 4 and 5. All values in this example
are 32 bits.

1. Write to PCI configuration offset 0x10 (BARO) the address to which you want to re-map the
MITE registers.

I'The PCI SIG provides further information on PCI BIOS calls.
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2. Write the value 0x0000aeae to offset 0x340 from the new MITE address.

3. Write to PCI configuration offset 0x14 (BAR1) the address to which you want to re-map the
board registers.

4. Create the window data value by masking the new board address:

window data value = ((Oxffffff00 and new board address) or (0x00000080))
If you are not remapping the board, then the new board address is the value in BARI.

5. Write the window data value to offset 0xcO from the new MITE address.
If you are not remapping the board, then the new MITE address is the value in BARO.

PCII Initialization for the Macintosh

The PCI-1200 board uses the MITE Application Specific Integrated Circuit (ASIC) chip as the
PCI bus interface. National Instruments designed this ASIC specifically for data acquisition.

In order for the board to operate properly this chip must be configured properly. Ordinarily,
NI-DAQ performs this function, but if you are not using NI-DAQ, then you must configure the
MITE ASIC chip. The following sections explain how to accomplish this.

The initialization is done by the Setup_Mite () function. Setup_Mite () consists of two
parts. First, the PCI bus is scanned for all PCI boards that contain the National Instruments vendor
ID (0x1093) and PCI-1200 device ID (0x0161) in their configuration space. If a board is found,
the program will store the board’s pertinent information into a data structure.

Second, the MITE device windows must be configured. The Mite_Address from Base
Address Register 0 located at PCI configuration space offset 0x10 and the board address from
Base Address Register 1 located at PCI configuration space offset 0x14 are stored. The window is
enabled by performing a memory write to offset 0xc0O from the MITE address (BARO). The data
written is ((Oxffffff00 AND BAR1) OR (0x00000080)). The board registers can then be read or
written to from the board address (BAR1) + offset.

Programming Options

To program at the register level, you must know the PCI-1200 base memory address and you
must install an interrupt handler to process interrupts. Both of these operations are difficult tasks.
To make this process easier, National Instruments provides a driver toolkit and additional
NI-DAQ functions to perform these operations.

You have three options to program the PCI-1200. The following sections describe these options.

PCI-1200 RLPM 3-4 © National Instruments Corporation



Chapter 3 Programming

Using NI-DAQ and the Driver Toolkit

Included on the NI-DAQ installation media is a toolkit for creating plug-in drivers for most of the
devices which NI-DAQ controls. Using this toolkit, you can write a plug-in driver for your PCI
board, but continue to use NI-DAQ for any other boards that are installed in your system. When
you develop a driver using the toolkit, your plug-in driver has access to all the information and
support functions it needs to control the device and respond to interrupts. When you use the
toolkit, your application is divided into two parts—a driver and an interface to the driver. You use
the driver to control the hardware and the interface to control the driver. You can install the driver
toolkit by launching the NI-DAQ installer, choosing the alternate installations option (see the
installer for help), and dragging the toolkit icon to your disk. Documentation for the toolkit is
included in the toolkit.

Performing Simple Accesses

To perform simple input and output using your PCI board without using the drivers included in
NI-DAQ or writing your own drivers, you can use the Get_DAQ_Device_Info call todo
simple accesses with the board. If you want to generate interrupts, you must work directly with
the Macintosh Operating System (OS), and you could inadvertently corrupt portions of NI-DAQ.
Therefore, National Instruments recommends this option only if you are not generating interrupts.
If you need or want to use interrupts, either use the driver toolkit mentioned earlier or develop your
own method.

Developing Your Own Interrupt Method

National Instruments does not support developing your own interrupt method. To do this, consult
the following documents:

* Designing PCI Cards and Drivers for Power Macintosh Computers
* Inside Macintosh: Devices

* Inside Macintosh: Memory

» Inside Macintosh: Operating System Utilities

* Inside Macintosh: Processes
* Inside Macintosh: Power PC System Software

Because NI-DAQ has not configured your board, you will need to perform the following code
sequence to activate the board. Using the documents listed above, you must retrieve the
deviceNode parameter from the Name Registry.

#include <pci.h>
void *configureCard(RegEntryIDPtr deviceNode) ;
void *configureCard

( RegEntryIDPtrdeviceNode

)

{ unsigned short pciCommandRegister;
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unsigned long cardBaseAddress,
miteBaseAddress;

// configure the i/o space of the board such

// that it is memory mapped.

ExpMgrConfigReadWord (deviceNode,
((LogicalAddress) 0x00000004L),

&pciCommandRegister) ;

ExpMgrConfigWriteWord (deviceNode,
((LogicalAddress) 0x00000004L),
(pciCommandRegister | 0x0002));

// get the base addresses for the board.

ExpMgrConfigReadLong (deviceNode,
((LogicalAddress) 0x00000010L),
gmiteBaseAddress) ;

ExpMgrConfigReadLong (deviceNode,
((LogicalAddress) 0x00000014L),
&cardBaseAddress) ;

// activate the standard i/o window.
* ((unsigned long *) (miteBaseAddress +
0x000000cOL)) =

EndianSwap32Bit ( ( (cardBaseAddress &
OxffEE£f00L) | 0x00000080L));

// return the base address of the board.
return ((void *) cardBaseAddress);

Initializing the PCI-1200 Circuitry

Initializing the PCI-1200 circuitry involves two steps—reset and calibration. The PCI-1200
circuitry is reset on power up. Calibration of the analog input and output circuitry involves reading
the factory-defined calibration constants from the onboard EEPROM and loading them into the
appropriate calibration DACs. For information on using user-defined calibration constants, refer to
Chapter 4, Calibration.

When reset, the PCI-1200 is left in the following state:
1. All of the command registers are cleared.

2. The A/D FIFO has one invalid word of data.

3. All of the interrupts are disabled and cleared.

4. The 82C55A digital I/0 is in Mode O input.
5

The analog output DACs are reset to 0.0 V.

Calibrating the PCI-1200 involves two steps—reading eight factory-defined calibration constants
from the EEPROM and writing each value to the appropriate CALDAC. Choose the desired
factory-defined calibration constants as explained in Chapter 5, Calibration, of your PCI-1200
User Manual.
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Use the following sequence of steps to read a single byte from the EEPROM.

1. Set the EEPROMCS and WRTPRT* bits in Command Register 5.

2. Serially write the READ instruction, 0x03, to the EEPROM to start a read operation.

3. Serially write the 8-bit address.

4. Serially read one byte of data from the EEPROM.

5. Clear the EEPROMCS and WRTPRT* bits in Command Register 5 to end the read operation.

Repeat the following two steps eight times to serially write one byte to the EEPROM.

1. Write a single bit of the 8-bit value, MSB first, by setting or clearing the SDATA bit in
Command Register 5. The SCLK bit in Command Register 5 should be cleared during this
step.

2. Set the SCLK bit in Command Register 5.

Repeat the following three steps eight times to serially read one byte from the EEPROM.

1. Set the SCLK bit in Command Register 5.

2. Clear the SCLK bit in Command Register 5.

3. Read a single bit of the 8-bit value, MSB first, by reading the PROMOUT bit of Status
Register 2.

After reading a single calibration constant from the EEPROM, you must write this value to the
appropriate CALDAC. Use the following steps to write a single byte to a CALDAC.

1. Write the 4-bit address of the desired CALDAC (address 0x3-0xA), LSB first. CALDACLD
should be cleared during this step.

2. Write the 8-bit calibration constant, MSB first.
3. Set the CALDACLD bit in Command Register 5.
4. Clear the CALDACLD bit in Command Register 5.

Repeat the following steps the appropriate number of times to serially write required bits to the
CALDAC.

1. Write a single bit of the value by setting or clearing the SDATA bit in Command Register 5.
SCLK should be cleared during this step.

2. Set the SCLK bit in Command Register 5.
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Repeat the calibration operation for each CALDAC to fully calibrate the PCI-1200.

Programming the Analog Input Circuitry
for Single A/D Conversions

This section explains how to clear the analog input circuitry, how to configure the analog input
circuitry, and how to perform single A/D conversions.

Clearing the Analog Input Circuitry

Before clearing the analog input circuitry, perform the following steps:

1. Clear SWTRIG in Command Register 2.

2. Ensure that EXTCONV* from the I/O connector does not cause any conversions.

3. Ensure that EXTTRIG from the I/O connector does not cause any conversions.

Clearing the analog input circuitry does not stop a DAQ operation that was started by the
SWTRIG bit in Command Register 2. Therefore, you should clear this bit before clearing the
analog input circuitry.

While clearing the analog input circuitry, do not externally drive the EXTCONV* pin on the
I/O connector or, if you do, drive it high. Another option is to set the ECLKRCYV bit in
Command Register 4. This disables any transitions on the EXTCONV* pin and no unwanted
conversions will occur while you are clearing the analog input circuitry.

While clearing the analog input circuitry, do not externally drive the EXTTRIG pin on the I/O
connector or, if you do, drive it high. Another option is to make sure the HWTRIG bit in
Command Register 2 is cleared. This disables any transitions on the EXTTRIG pin and no
unwanted conversions will occur while you are clearing the analog input circuitry.

The analog input circuitry can be cleared by writing to the A/D FIFO Clear Register, which leaves
the analog input circuitry in the following state:

1. Analog input status bits OVERRUN, OVERFLOW, and DAVAIL are cleared and FIFOHF*
1s set.

2. Pending interrupt requests from the analog input circuitry are cleared.

The command registers are not cleared, so you do not necessarily have to reconfigure the
PCI-1200 before initiating another DAQ sequence.

PCI-1200 RLPM 3-8 © National Instruments Corporation



Chapter 3 Programming

Configuring the Analog Input Circuitry

Configure the analog input circuitry after initializing the PCI-1200 and anytime the characteristics
of the analog input signals change. Program the appropriate register bits as follows (not necessarily
in this order):

* Select the appropriate input mode (DIFF, NRSE, or RSE).

* Select the input polarity (bipolar or unipolar) and coding of the resulting conversions (straight
binary or two's complement).

* Select the analog input channels to be scanned and gain.

You determine the input mode by identifying the types of signal sources that you are using. For
more information about determining the input mode, consult the PCI-1200 User Manual. Select
the input mode by setting or clearing the RSE*/NRSE and SE*/DIFF bits in Command Register 6
and Command Register 4, respectively.

You determine the input polarity according to the voltage range of the analog input signal. For
more information about determining the input polarity, consult the PCI-1200 User Manual. The
conversion coding should be selected according to the input polarity. Select the input polarity by
setting or clearing the ADCUNI/BI* bit in Command Register 6. Select the respective coding by
setting or clearing the TWOSCMP bit in Command Register 1.

If you will be performing single-channel data acquisition, select the desired analog channel and
gain by setting or clearing the GAIN<2..0> and MA<2..0> bits in Command Register 1. You
must also clear SCANEN in Command Register 1. If you will be doing multiple channel data
acquisition, set MA<2..0> to specify the highest numbered channel in the scan sequence. Set or
clear the SCANUP bit in Command Register 6 for the desired scanning order. For example, if you
set MA<2..0> to 011 (binary) and clear the SCANUP bit, the following scan sequence is used:

channel 3, channel 2, channel 1, channel 0, channel 3, channel 2, and so on.

If you set MA<2..0> to 011 (binary) and set the SCANUP bit, the following scan sequence is
used:

channel 0, channel 1, channel 2, channel 3, channel O, channel 1, and so on.

Select the analog input channel and gain for multiple channel data acquisition in the following
order.

1. Set or clear the SCANUP bit for the desired scanning order.

2. Set the gain and the highest channel number in the scan sequence in Command Register 1.
Clear the SCANEN bit during this first write to Command Register 1.

3. Write to Command Register 1 again, but this time set the SCANEN bit. This latches the
channel number into the scan counter. You must write all other bits in Command Register 1
as you did in the first write, which set the gain and highest channel number.
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Performing Single A/D Conversions

After configuring the analog input circuitry, you can perform single A/D conversions and then
read the conversion result from the A/D FIFO. Perform the following steps:

1. Set counter AO so that OUTAO is high.
2. Initiate a conversion by writing to the Start Convert Register.
3. Read the conversion result from the A/D FIFO.

You must program counter AO so that OUTAQO is high. You can do this by writing 0x14 (select
counter A0, mode 2) to Counter A Mode Register. This enables the conversions initiated by
writing to the Start Convert Register.

Initiate a conversion by writing to the Start Convert Register. When you initiate an A/D
conversion, the ADC stores the result in the A/D FIFO at the end of its conversion cycle
(approximately 10 s later). You can acquire a specific number of samples by writing to the Start
Convert Register that same number of times. In multiple-channel data acquisition, the hardware
scans the channels as described before with each write to the Start Convert Register.

You obtain A/D conversion results by reading the A/D FIFO Register. First, you must read the
status registers to determine the state of the A/D FIFO. The useful status bits are OVERRUN,
OVERFLOW, and DAVAIL in Status Register 1 and FIFOHF* in Status Register 2. The
DAVAIL bit will be set if there is at least one conversion result stored in the A/D FIFO. The
DAVAIL bit should become set within a maximum of 12 ps after you initiate an A/D conversion.
If DAVALIL is set, you can follow the Status Register read by reading the A/D FIFO. If the
FIFOHF* bit is cleared, you can follow the Status Register read with 4,096 consecutive readings
of the A/D FIFO. This corresponds to 2,048 samples, since each sample requires two readings of
the A/D FIFO. If either the OVERFLOW or the OVERRUN bit is set, an error has occurred. You
have either lost at least one conversion by overflowing the A/D FIFO, or you have attempted to
initiate a conversion before the previous one has completed.

You must read the A/D FIFO twice to obtain the result. The first reading returns the low byte of
the 16-bit data, and the second reading returns the high byte. Reading the A/D FIFO removes the
A/D conversion result from the A/D FIFO. If the DAVAIL bit is cleared, then the A/D FIFO is
empty and further reading of the A/D FIFO returns meaningless data.

Programming a DAQ Operation Using Internal Timing

A sequence of timed A/D conversions is referred to in this manual as a DAQ operation. The
parameters of concern in a DAQ operation are the sample interval, scan interval, and the total
number of samples. A sample interval indicates the time to elapse between A/D conversions on
each channel in the sequence. The scan interval is the time that elapses between the channel-
scanning cycles. The scan interval is only used in interval scanning mode. There are four different
internal counters that can help you time these parameters—counter A0, counter A1, counter BO,
and counter B1. There are three different DAQ operation modes—interval scanning, controlled,
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and freerun acquisition mode. The PCI-1200 can perform both single channel data acquisition and
multiple channel data acquisition.

In a controlled acquisition mode, only one counter is required to time the sample intervals. In this
mode, you can perform a specified number of conversions, after which the hardware ends the
DAQ operation. The number of conversions in a single DAQ operation in this case is limited to a
16-bit count (or 65,535 samples). Use counter A0 to time the sample intervals without any delays.
Use counter Al as the sample counter. Each sample is taken with the same sample interval.
Counter AO 1s clocked by a 1 MHz clock. The period of counter A0, or the sample interval, is
equal to the value programmed into counter AO multiplied by 1 ys. The minimum period that can
be selected for counter AQ is 2 Ps. The sample interval period, or Counter AO, must be at least

10 ps to avoid an overrun error. Choose your sample interval according to the specifications in
Chapter 4, Theory of Operation, of your PCI-1200 User Manual, to maintain 12-bit accuracy.

In freerun acquisition mode, only one counter is required for a data acquisition operation. Counter
AO continuously generates the conversion pulses as long as GATEAQO is held at a high logic level.
The software keeps track of the number of conversions that have occurred and turns off counter
AQ after the required number of conversions have been obtained or after some other user-defined
criteria have been met. The number of conversions in a single data acquisition operation in this
case is unlimited.

In an interval scanning acquisition mode, you need two counters. Use counter B1 to time the scan
interval. Within the scan interval, each conversion occurs at regular sample intervals timed by
counter AO. In multiple channel data acquisition, the conversions stop after the sample counter Al
counts down to 0. In single channel interval data acquisition, the conversions stop after the
programmed count in the Interval Counter Register has expired. An interval scanning DAQ
operation consists of back-to-back scan intervals. Counter B1 is clocked by the same timebase
used for counter AQ. If the 1 MHz clock is used for the timebase of counter A0, then the period of
counter B1, or the scan interval, is the value programmed into counter B1 times 1 [s.

Alternatively, a programmable timebase for counter AO is available by using counter BO. Counter
BO has a fixed, unalterable 2 MHz clock as its own timebase. Therefore, its period is the value
programmed into counter BO multiplied by 500 ns. The minimum period that can be selected for
counter BO is 1 ps. The period of counter A0, or the sample interval, is then equal to the period of
counter BO multiplied by the value programmed into counter AQ. The maximum sample interval is
approximately 35 minutes. You can use counter BO in any DAQ operation as an alternative
timebase for the sample interval.

Programming a DAQ operation requires setting up the four available counters, setting up the
Interval Counter Register in single channel interval scanning mode, and then triggering the DAQ
operation. If you are using counter BO or counter B1 internally for a DAQ operation, be sure that
GATBO or GATBI1 are not being driven externally through the I/O connector or are being driven
high. Perform the following steps to program a DAQ operation:

1. Clear the analog input circuitry.

2. Configure the analog input circuitry.

3. Set up the four available counters (and the Interval Counter Register if necessary).
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4. Trigger the operation.

5. Service the operation.

Perform the configuration steps and clear the analog input circuitry as described in Programming
the Analog Input Circuitry for Single A/D Conversions.

Programming Counter A(Q and Counter B0

You must always program counter A0 for a DAQ operation using internal timing. A high-to-low
transition on OUTAQO (counter A0 output) initiates a conversion. You can program counter AQ to
generate a pulse once every N Us, where N is the value programmed into counter AQ and the clock
input is a 1 MHz signal. The minimum number that you can use for N is 2. The sample interval
can then be programmed to be between 2 ps and 65,535 ps. Use the following equation to
determine the sample interval:

sample interval = N * 1 Us

Use the following sequence to program counter A0, the sample interval counter. All writes are
8-bit write operations.

1. Write 0x34 (select counter AO, mode 2) to the Counter A Mode Register.

2. Write the least significant byte of the sample interval (N) to the Counter AOQ Data Register.
3. Write the most significant byte of the sample interval (N) to the Counter AO Data Register.
You can achieve a larger option of sample intervals by using counter BO along with counter A0.

The resulting sample interval is then N, multiplied by N, multiplied by 500 ns, where Nj, is the
value programmed into counter BO and N, is the value programmed into counter AO. The sample

interval can then be programmed to be between 2 Ws and [(65,535)2/2]us. Use the following
equation to determine the sample interval:

sample interval = Ny * Np 500 ns

Use the following programming sequence to program counter BO as an alternative timebase for
counter AO. All writes are 8-bit operations.

1. Set the TBSEL bit in Command Register 2.
2. Write 0x36 (select counter BO, mode 3) to the Counter B Mode Register.
3. Write the least significant byte of the sample interval (Vp) to the Counter BO Data Register.

4. Write the most significant byte of the sample interval (Np) to the Counter BO Data Register.
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Programming Counter A1

You must program counter Al even if you are planning on doing a freerun DAQ operation. In a
freerun DAQ operation, set the output of counter Al low to gate counter A0 on and thus allow
conversions to occur. The number of samples you want to acquire in a controlled DAQ operation
is equal to N + 2, where N is the value programmed into counter Al. Therefore the number of
samples can range from 3 to 65,537. Use the following equation to determine the number of
samples:

number of samples = N + 2.
Use the following sequence to program counter Al. All writes are 8-bit operations.

1. Write 0x70 (select counter A1, mode 0) to the Counter A Mode Register. This step sets the
output of counter A1 (OUTATL) low.

Note: Continue to steps 2 and 3 only for controlled DAQ operations.
2. Write the least significant byte of the sample count () to the Counter A1 Data Register.

3. Write the most significant byte of the sample count (N) to the Counter Al Data Register.

Programming Counter B1 and the Interval Counter Register

If you are doing interval scanning data acquisition, you must program counter B1. CLKBI1 (the
clock input of counter B1) is the same as that used for counter AO in order to synchronize the
individual conversions and the scan interval. The scan interval is equal to N (the value programmed
into counter B1) multiplied by the clock period used for counter AO. The scan interval should be
longer than the total conversion time. In a multiple-channel interval DAQ operation, the total
conversion time is equal to the number of channels being scanned, multiplied by the sample
interval. In a single-channel interval DAQ operation, the total conversion time is equal to the
number loaded into the Interval Counter Register, multiplied by the sample interval.

For single-channel interval scanning data acquisition, the number that you program into the
Interval Counter Register should be smaller than the total number of desired samples. For
example, if you want to acquire 2,000 samples in batches of 100, load the Interval Counter
Register with 100 and the sample counter (counter A1) with 2,000. In this example, 20 scan
intervals are required to convert 2,000 samples. The Interval Counter Register is an 8-bit register.
Therefore, you can convert up to 255 samples in a single scan interval. Use the following sequence
to program the Interval Counter Register:

1. Write the desired number of samples of a single channel that will be acquired during a scan
interval to the Interval Counter Data Register.

2. Write 0x01 to the Interval Counter Strobe Register to latch the Interval Counter Register.
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Use the following sequence to program counter B1 for interval data acquisition. All of the writes
are 8-bit operations.

1. Set the INTSCAN bit in Command Register 4.

2. Clear the EOIRCV bit in Command Register 4.

3. Write 0x74 (select counter B1, mode 2) to the Counter B Mode Register.

4. Write the least significant byte of the scan interval () to the Counter B1 Data Register.
5

Write the most significant byte of the scan interval (N) to the Counter B1 Data Register.

Triggering the DAQ Operation

To start the DAQ operation, set the SWTRIG bit in Command Register 2, which enables
counter AQ to start counting. In a freerun DAQ operation (or in any other type of DAQ operation

in which you want to stop the operation prematurely), you can stop the DAQ operation by clearing
the SWTRIG bit.

Note: In interval DAQ operations, the first scan interval is not synchronized with counter Bl.
Therefore you may wish to discard the conversions acquired in the first scan interval.

Servicing the DAQ Operation

When you start a DAQ operation, you must service the operation by reading the A/D FIFO
Register. You can either read the A/D FIFO every time a conversion is available or when the A/D
FIFO is half full. You read the A/D FIFO as explained in the section Performing Single A/D
Conversions. You can also use interrupts to service the DAQ operation. In order to process
interrupts, you must install an interrupt handler. See Programming Options earlier in this chapter
for information on installing interrupt handlers.

Two error conditions, overflow or overrun, may occur during a DAQ operation. If these error
conditions occur, the OVERFLOW and/or the OVERRUN bits are set in Status Register 1. Check
these bits every time you read Status Register 1 to check the DAVAIL bit.

An overflow condition occurs if more than 4,096 A/D conversions have been stored in the A/D
FIFO without the A/D FIFO being read; that is, the A/D FIFO is full and cannot accept any more
data. This condition occurs if the software loop reading the A/D FIFO is not fast enough to keep
up with the A/D conversion rate. When an overflow occurs, at least one A/D conversion result is
lost.

An overrun condition occurs if a second A/D conversion is initiated before the previous
conversion is finished. This condition may result in one or more missing A/D conversions. This
condition occurs if the sample interval is smaller than the conversion time of the ADC, which is
10 ps.
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Programming a DAQ Operation Using External Timing

You can use three external timing signals, EXTTRIG, EXTCONV* and OUTBI, to time a DAQ
operation. Use EXTTRIG to initiate a DAQ operation (posttrigger mode) or to terminate an
ongoing DAQ operation (pretrigger mode). In posttrigger mode, you use EXTTRIG in place of
writing to the SWTRIG bit in Command Register 2. Use the EXTCONV* signal to time the
individual A/D conversions in place of counter AO. If you are performing an interval-scanning
DAQ operation and are timing the individual A/D conversions using EXTCONV*, you must time
the scan interval through OUTBI in place of using counter B1. For signal specifications of these
external timing signals, see Chapter 3, Signal Connections, in the PCI-1200 User Manual.

Programming a DAQ Operation Using EXTCONV*

If you want to use EXTCONV* instead of counter A0 for sample-interval timing, you can follow
the same sequence of steps described in Programming a DAQ Operation Using Internal Timing,
except for programming counters A0 and BO. Replace the steps for programming counters A0 and
B0 with the following sequence.

1. Write 0x34 (select counter AO, mode 2) to the Counter A Mode Register.
2. Clear the ECLKRCYV bit in Command Register 4.

You must set up counter AO to force OUTAO high and enable conversions initiated by
EXTCONV*. You also need to ensure that the ECLKRCV bit in Command Register 4 is cleared
to enable EXTCONV*,

Note: After you trigger the DAQ operation, using either SWTRIG or EXTTRIG in
posttrigger mode, the first EXTCONV* pulse may not cause an A/D conversion. See
Chapter 3, Signal Connections, in the PCI-1200 User Manual for specifications
regarding EXTCONV*,

Programming a DAQ Operation Using EXTTRIG in Posttrigger Mode

If you want to use EXTTRIG in posttrigger mode instead of SWTRIG to trigger a DAQ

operation, you can follow the same sequence of steps described in Programming a DAQ
Operation Using Internal Timing except for the section describing triggering of the DAQ
operation. Use the following sequence to trigger a DAQ operation using EXTTRIG:

1. Set the HWTRIG bit in Command Register 2.
2. Trigger a DAQ operation with a rising edge on EXTTRIG.

When you set the HWTRIG bit in Command Register 2, the next rising edge on EXTTRIG will
trigger a DAQ operation. Further transitions on EXTTRIG do not affect anything. In a freerun
DAQ operation (or in a controlled DAQ operation triggered by EXTTRIG in which you want to
stop the operation prematurely), you can stop conversions by first clearing the HWTRIG bit in
Command Register 2 and then writing to the A/D FIFO Clear Register. After writing to the A/D
FIFO Clear Register, any remaining data in the FIFO will have been cleared.

© National Instruments Corporation 3-15 PCI-1200 RLPM



Programming Chapter 3

Programming a DAQ Operation Using EXTTRIG in Pretrigger Mode

If you want to use EXTTRIG in a pretrigger mode, you must trigger the DAQ operation using
SWTRIG, and you must program counter Al as described in Programming a DAQ Operation
Using Internal Timing. However, the number of samples that you want to occur after the
EXTTRIG trigger is equal to N + I, where N is the programmed count in counter Al. The number
of samples that can occur after the EXTTRIG trigger ranges from 3 to 65,536. Use the following
sequence to use EXTTRIG in a pretrigger mode:

1. During configuration of the analog input circuitry, set the PRETRIG bit in Command
Register 2.

2. Clear the analog input circuitry, program the appropriate counters, and trigger the DAQ
operation as described in Programming a DAQ Operation Using Internal Timing.

3. Gate on counter A1 with a low-to-high transition on EXTTRIG.
The first rising edge on EXTTRIG should occur after you trigger the DAQ operation using

SWTRIG. This rising edge gates on counter Al. The DAQ operation stops after the programmed
count in counter A1 has expired.

Programming a DAQ Operation Using OUTB1

If you want to drive your own interval-scanning pulse on OUTB1 instead of using counter B1 to
time the scan interval, you can follow the same sequence of steps as described in Programming a
DAQ Operation Using Internal Timing, except for the section describing the programming of
counter B1. Use the following sequence of steps to use OUTBI in place of counter B1:

1. Program the Interval Counter Register (if necessary).

2. Set the INTSCAN bit in Command Register 4.

3. Set the EOIRCYV bit in Command Register 4.

If you want to externally time the scan interval, you should also externally time the sample interval
through EXTCONV* to synchronize the sample interval and the scan interval. Refer to Chapter 3,
Signal Connections, in the PCI-1200 User Manual for timing specifications.
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DAQ Interrupt Programming

Four different interrupts can be generated by the analog input circuitry.

1. An interrupt when a conversion is available to be read from the A/D FIFO.

2. An interrupt when the A/D FIFO is half full.

3. An interrupt when an error condition (overflow or overrun) is detected.

4. An interrupt when a DAQ operation is terminated by counter Al.

You can enable these four interrupts individually.

Set the FIFOINTEN bit in Command Register 3 to enable interrupt generation when a conversion
is available to be read from the A/D FIFO. If FIFOINTEN is set, an interrupt is generated
whenever the DAV AIL bit in Status Register 1 is set.

Set the HFINTEN bit in Command Register 6 to enable interrupt generation when the A/D FIFO
becomes half full (2,048 samples). If HFINTEN is set, an interrupt is generated whenever the
FIFOHF* bit is cleared in Status Register 2.

Set the ERRINTEN bit in Command Register 3 to enable interrupt generation when an error
condition is detected. If ERRINTEN is set, an interrupt is generated whenever either the
OVERFLOW or OVERRUN bits are set in Status Register 1.

Set the DQINTEN bit in Command Register 6 to enable interrupt generation when a DAQ
operation is terminated by counter Al. If DQINTEN is set, an interrupt is generated whenever
OUTALI is set in Status Register 2.

For general-purpose counter/timers, an interrupt is produced in buffered modes, such as the
buffered event counting, the buffered period measurement, and so on. The secondary bank of

interrupts in the DAQ-STC is used for generating DMA requests for the general-purpose
counter/timers.

DAQ DMA Programming

You can program the PCI-1200 so that the FIFO generates a DMA request whenever one or more
A/D conversions are available in the FIFO. To use DMA, the MITE ASIC DMA controller must
be properly configured. See the PCI-1200 Companion Diskette section for information on how to
do this. Perform the following steps to configure the board.

1. Configure the analog input circuitry.

2. Set the DMAEN bit in Command Register 3.
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3. Program the MITE DMA controller.
4.  Trigger the operation.

The DMA controller automatically transfers data from the AI FIFO into a buffer in system
memory.

The Link Chaining Mode for DMA Transfer

The MITE contains DMA controllers that can transfer data directly to system memory from the
DAQ board. Several modes of operation are supported. One of the modes of operation is the
Link Chaining Mode. It enables the user to do DMA transfers, limited only by the size of the
system memory space. This mode of operation is used in the example provided on the
Companion Diskette. The Link Chaining mode requires a linked list structure to store the
information for each buffer. The linked list structure enables DMA transfers on different memory
segments and makes seamless data transfer possible.

Inside the linked list structure, each node contains values for TCR, MAR, DAR, and LKAR. TCR
(Transfer Count Register) stores the total number of transfer bytes for each buffer; MAR
(Memory Address Register) stores the buffer’s physical address; DAR (Device Address Register)
stores default values for simple operation; LKAR (Link Address Register) stores the physical
address of the next node.

Before beginning the DMA transfers, LKAR must be loaded with the physical address of the first
node since the MITE needs to have an entry point to access the link chain. After arming the DMA
controller, the MITE goes through the link chain, and loads the buffer’s physical address into
MAR. Then the MITE transfers data from the Al FIFO to the buffers. This process continues
until the MITE reaches the empty node, the node which contains all zeros.

Figure 3-1 illustrates the basic operation of the Link Chain mode.
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Figure 3-1. DMA Link Chaining Mode Structure

Programming the Analog Output Circuitry

This section explains how to configure the analog output circuitry and how to update the analog

output voltage.

Configuring the Analog Output Circuitry

You must configure the analog output circuitry after initializing the PCI-1200 and anytime the
characteristics of the analog output signals change. Program the appropriate register bits as

follows:

1. Select the output polarity (unipolar or bipolar) and the coding of the digital code (straight binary

or two's complement).

2. Set or clear the DACIUNI/BI* and DACOUNI/BI* bits in Command Register 6 and the
2SDACI and 2SDACO bits in Command Register 2.

If you select a unipolar output polarity, the straight binary coding is recommended. If you select a
bipolar output polarity, the two's complement coding is recommended.

Use the following formula to calculate the output voltage versus digital code for a unipolar analog
output configuration and straight binary coding. The digital code is a decimal value ranging from 0

to +4,095.
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Code
V.o =100
out 4,096

The following formula calculates the output voltage versus digital code for a bipolar analog output
configuration and two's complement coding. The digital code is a decimal value ranging from
-2,048 to +2,047.

Code

1% o 20
2,048

out

=50

Tables 3-1 and 3-2 show the analog output voltage versus the input digital code in unipolar and
bipolar mode, respectively.

Table 3-1. Analog Output Voltage Versus Digital Code
(Unipolar Mode, Straight Binary Coding)

Digital Code Voltage Output
Decimal Hex
0 0000 ov
1 0001 2.4414 mV
2,048 0800 50V
4,095 OFFF 9.9976 V

Table 3-2. Analog Output Voltage Versus Digital Code
(Bipolar Mode, Two’s Complement Coding)

Digital Code Voltage Output
Decimal Hex
-2,048 F800 S50V
-1,024 FCO00 25V
0 0000 oo0v
1,024 0400 25V
2,047 07FF 49976 V

Programming the Update Mode of the Analog Output Circuitry

The analog output circuitry on the PCI-1200 uses double-buffered DACs. Therefore the output
voltages (DACOOUT and DAC10UT on the I/O connector) do not have to be updated
immediately with each write to the DAC Data Registers. You can update the analog output in
synchronization with counter A2 or the external update timing signal EXTUPDATE*. This is
useful for waveform generation applications because the timed update pulses eliminate the timing
jitter associated with software writes to the DAC Data Registers.
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You can operate the analog output circuitry in three ways—immediate update, update on OUTA2,
or update on EXTUPDATE®*.

Use the following sequence to program for immediate update mode:
1. Clear the LDACI or LDACO bit in Command Register 2.

2. Write the low byte to the DACO or DAC1 Low-Byte Register.
3. Write the high byte to the DACO or DACI1 High-Byte Register.

The analog output voltage is updated immediately after you write the high byte to the DACO or
DACI1 High-Byte Register.

Use the following sequence to program for update on OUTA2 or EXTUPDATE*.
1. Set the LDACI or LDACO bit in Command Register 2.

2. Set the CNTINTEN bit in Command Register 3 to enable timer interrupts.

3. Program counter A2.

4. Service the interrupts for waveform generation.

You must program counter A2 even if you are using EXTUPDATE*. If you are using
EXTUPDATE*, you must set OUTAZ2 high to enable updates caused by EXTUPDATE*. If you
are using counter A2, do not drive EXTUPDATE* externally or, if you do, drive it high. You can
not block EXTUPDATE® through software. The clock for counter A2 is the same as that used for
counter A0, so you can use a 1 MHz clock or the output of counter BO to clock counter A2. The
update period is equal to the value programmed into counter A2 times the period of the clock. You
should set the update period to be longer than the time it takes to write a new value to the DAC
Registers. Use the following sequence to program counter A2.

1. Write 0xB4 (select counter A2, mode 2) to the Counter A Mode Register.

Note: Continue to steps 2 and 3 if you are using counter A2 to update the analog output
circuitry.

2. Write the least significant byte of the update period to the Counter A2 Data Register.
3. Write the most significant byte of the update period to the Counter A2 Data Register.

The update cycle starts immediately after you write the most significant byte to the Counter A2
Data Register. If you are using EXTUPDATE#, the update cycle starts after setting OUTA?2 high
and on the first falling edge of EXTUPDATE*.

DAC Interrupt Programming
Set the CNTINTEN bit in Command Register 3 to enable interrupt generation on the rising edge of

either OUTA?2 or EXTUPDATE*. If CNTINTEN is set, then an interrupt is generated whenever
the CNTINT bit in Status Register 1 is set.
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You service this interrupt by writing a new value to DACO or DAC1 Low-Byte and High-Byte
Registers. To clear the interrupt, write to the Timer Interrupt Clear Register. This allows
continuous waveform generation. The DAC output voltage is then updated by a high-to-low
transition on either OUTA2 or EXTUPDATE*.

Programming the Digital I/O Circuitry

Digital I/O on the PCI-1200 uses the 82C55A integrated circuit. Programming the digital I/O
circuitry involves setting the mode of the 82C55A by writing to the Digital Control Register and
then writing and reading from the three port registers (port A, port B, and port C). The various
modes of the 82C55A are illustrated in Appendix D, OKI MSM82C55A Data Sheet. Examples for
using the digital I/O circuitry are in the PCI-1200 User Manual.

You can generate interrupts through PC0O and PC3 on the I/O connector. Enable digital I/O
interrupts by setting the DIOINTEN bit in Command Register 3. There are no status bits
associated with the digital I/O interrupts. You clear this interrupt by clearing PCO and PC3.

Programming the General-Purpose Counter/Timers

You can use Counter/Timer Group B of the 82C53 timing circuitry as general-purpose counters
when they are not being used for internal timing. To program the general-purpose counters, set the
mode of the 82C53 by writing to the Counter B Mode Register, then write and read from the three
data registers (counter B0, counter B1, and counter B2). See Appendix C, OKI MSM82C53 Data
Sheet for information on the various modes of the 82C53. Examples for using the general-
purpose counters are given in the PCI-1200 User Manual. You cannot generate interrupts with the
general-purpose counter/timers.
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This chapter contains instructions for creating user-defined calibration constants for the
PCI-1200 CALDACS. This information is important if you do not want to use NI-DAQ to create
user-defined calibration constants to be stored in the user areas of the PCI-1200 EEPROM.

Since the calibration process is quite complicated, the user is advised to use NI-DAQ whenever
possible. If NI-DAQ does not support your operating system, only then should you try to write
register level code to perform calibration. Also, if you accidentally overwrite the factory area,
you will permanently loose factory calibration information, and may have to send your unit back
to National Instruments for recalibration.

Note: National Instruments is not liable for accidental overwriting of the calibration
EEPROM in the field.

For information concerning writing register-level programs to write to the CALDACS, refer to
Chapter 3, Programming. For information on calibration equipment requirements, refer to the
PCI-1200 User Manual.

Storing User-Defined Constants

You should store only one set of user-defined calibration constants in one user area. One set of
calibration constants consists of twenty constants, six for CALDACsSs 3, 4 and 7-10, seven for
CALDACS, and seven for CALDACS (one at each gain setting). Therefore, one set of
calibration constants can calibrate the PCI-1200 analog input and analog output circuitry in
either bipolar or unipolar polarity and at all gains.

Store your user-defined calibration constants in the same format as that shown for the factory-
defined calibration constants in Table 4-1. For example, if you use user area 1, store the
calibration constants for CALDACSs 3—-10 in EEPROM addresses 117—-110, then store the seven
gain constants for CALDAC6 in EEPROM locations 109-102, followed by the seven post-gain
offset values for each gain in locations 101-94. Table 4-3 shows the PCI-1200 EEPROM map.

Note that the location for gain 1.25 is provided; however, the corresponding value is ignored.
Also note that within each user area, the Al CALDAC 3 value is the analog input gain calibration
constant for the gain at which the calibration is performed. This value must also be duplicated in
the corresponding location in the GAIN X value in that user area. For example, if the calibration
is performed at gain = 5, then the calibration constant must be written in both locations 114 and
106 for user area 1. Similarly, the post-gain offset value for that gain must be duplicated in the
corresponding Gain X value-offset location.

When the PCI-1200 is shipped, the contents of factory area for bipolar mode are copied in all the

user areas. Consequently, there will be constants in the user areas that will be very accurate
when the PCI-1200 is used in the bipolar mode for both analog input and output.
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To save your user-defined calibration constants in the EEPROM, you need programming
instructions for writing to the EEPROM. Use the following sequence of steps to store a
calibration constant to the EEPROM. For information on user areas in the EEPROM, refer to the
EEPROM memory map at the end of this chapter.

1. Set the EEPROMCS and WRTPRT* bits in Command Register 5.
Serially write the WRITE instruction, 0x06, to the EEPROM to enable a write operation.
. Clear the EEPROMCS bit in Command Register 5.
Set the EEPROMCS bit in Command Register 5.

Serially write the 8-bit user area address to the EEPROM.

2
3
4
5. Serially write the WRITE instruction, 0x02, to the EEPROM to start a write operation.
6
7. Serially write the 8-bit calibration constant to the EEPROM.

8

. Clear the EEPROMCS and WRTPRT* bits in Command Register 5.
Repeat the following two steps eight times to serially write one byte to the EEPROM.

1. Clear the SCLK bit in Command Register 5. Write a single bit of the 8-bit value, MSB first,
by setting or clearing the SDATA bit in Command Register 5.

2. Set the SCLK bit in Command Register 5.

After you store a single calibration constant, you must wait a minimum of 10 ms before
accessing the EEPROM again. Alternatively, you may use the RDSR (Read status register)
instruction of the X25020 and poll the WIP (write-in-process) bit. If this bit is 1, then the
previous write is still in progress. You must wait till this bit reads 0. Then you may proceed
with the next write.

Calibration DACs

There are eight 8-bit calibration DACs (CALDACS) on the PCI-1200 that are used for
calibration. These DACs are described in Tables 4-1 and 4-2 for analog input and output
calibration respectively. The tolerance in both tables is simply the adjustment range divided by
255 (8-bit). In Table 4-1, Ve refers to the reference voltage value that you provide during the
gain calibration procedure. In Table 4-2, V,crrefers to the voltage that you write to either DACO
or DACI during the gain calibration procedure.

Table 4-1. Calibration DAC Characteristics for Analog Input Circuitry

DAC Name Function Adjustment Range Tolerance
CALDAC3 Pregain offset, coarse 820 LSBs (gain = 100) 3.2 LSBs
CALDAC4 Pregain offset, fine 8 LSBs (gain =100) 0.04 LSBs
CALDACS Postgain offset 82 LSBs 0.32 LSBs
CALDACS6 Gain 2% of Viyer 0.008% of Vyef
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Table 4-2. Calibration DAC Characteristics for Analog Output Circuitry

DAC Name Function Adjustment Range Tolerance
CALDAC7 Offset, DACO 31 LSBs 0.12 LSBs
CALDACS Gain, DACO 2% of Viyef 0.008% of Vyer
CALDAC9 Offset, DAC1 31 LSBs 0.12 LSBs
CALDACI10 Gain, DAC1 2% of Viyef 0.008% of Vyef

Analog Input Calibration

To null out error sources, you must calibrate the analog input circuitry by adjusting the following
potential sources of error (not necessarily in this order):

* Offset error at the input of the instrumentation amplifier.
» Offset error at the input of the ADC.
* Gain error of the analog input circuitry.

Offsets at the input to the instrumentation amplifier contribute gain-dependent error to the analog
input system. This offset is multiplied by the gain of the instrumentation amplifier. To calibrate
this offset, you must ground the inputs of the instrumentation amplifier, measure the input at two
different gains, and adjust CALDAC3 and CALDAC4 until the measured offset in LSBs is
independent of the gain setting. Calibration of this pregain offset is done in bipolar mode for
both bipolar and unipolar analog input configurations.

Offset error at the input of the ADC is the total of the voltage offsets contributed by the circuitry
from the output of the instrumentation amplifier to the ADC input (including the ADC’s own
offsets). Offset errors appear as a voltage added to the input voltage being measured. To
calibrate this offset, you must connect either AGND in bipolar mode or an external voltage
source in unipolar mode to the inputs of the ADC and adjust CALDACS until the measured
voltage is equal to either AGND or (external voltage source + gain error) respectively.

If the three analog input offset DACs are adjusted in this way, there is no significant residual
offset error, and reading a grounded channel returns, on average, less than 0.5 LSB regardless of
the gain setting.

All the stages up to and including the input of the ADC contribute to the gain error of the analog
input circuitry. With the instrumentation amplifier set to a gain of 1, the gain of the analog input
circuitry is ideally 1. The gain error is the deviation of the gain from 1 and appears as a
multiplication of the input voltage being measured. To eliminate this error source, you must
measure the input first with the inputs grounded and then with the inputs connected to the
external voltage source. Then adjust CALDACS6 until the measured difference between the two
voltages is equal to the value of the external voltage source. After the PCI-1200 is calibrated at a
gain of 1, there is only a small residual gain error (£0.5% max) at the other gains. To reduce this
error, calibrate the board at all other gains and for corresponding values stored in the EEPROM
User gain area.
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In both bipolar and unipolar modes, calibration of post-gain offset does not affect the gain
characteristics. However, gain calibration does affect post-gain offset. Therefore, you must
perform gain calibration before post-gain calibration.

Perform the calibration procedure for both bipolar and unipolar mode with dither enabled (by
setting the DITHEREN bit in Command Register 5) and in referenced single-ended mode (clear
the RSE*/NRSE bit in Command Register 6 and the SE*/DIFF bit in Command Register 4).
Refer to Table 4-1 for calibration tolerances.

Bipolar Input Calibration Procedure

If your board is configured for bipolar input, which provides the -5 to +5 V range, complete the
following procedures. This procedure assumes that ADC readings are in the -2,048 to +2,047
range; that is, you have selected the two's complement coding scheme.

Because adjusting the gain affects the postgain offset adjustment, you must calibrate gain before
calibrating postgain offset. Also, initialize all of the CALDACS for analog input (3, 4, 5, and 6)
to 128 before starting the calibration procedure. This sets each CALDAC at midscale.

Pregain Offset Coarse Calibration

1. Connect ACHO (pin 1 on the rear panel 50-pin I/O connector) to AGND (pin 11).

2. Take 1,024 readings from channel O at a gain of 1. Take the mean of these readings and call
it meanl.

3. Take 1,024 readings from channel O at a gain of 100. Take the mean of these readings and
call it mean100.

4. Adjust CALDACS3 so that:

|meanl - meanl00| < pregain offset coarse calibration tolerance.

Pregain Offset Fine Calibration
1. Repeat steps 1-3 of the pregain offset coarse procedure.
2. Adjust CALDACH4 so that:
|meanl - meanl00| < pregain offset fine calibration tolerance.

At this point, the pregain offset is nulled out. However, there is a residual postgain offset
remaining.
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Gain Calibration

1. Take 1,024 samples from channel O (still connected to AGND) at a gain of 1. Take the mean
and call it postgain_offset.

2. Connect the voltage reference (V;.p) between ACHI (pin 2) and AGND (pin 11). Choose a
voltage reference between 3.0 and 4.5 V.

3. Take 1,024 samples from channel 1 at a gain of 1. Take the mean and call it mean].
4. Adjust CALDACES so that:
Vref

|(meanl - postgain_offset) - ﬁ * 2,047| < gain calibration tolerance.

Postgain Offset Calibration

1. Take 1,024 samples from channel O (still connected to AGND) at a gain of 1. Take the mean
and call this postgain_offset.

2. Adjust CALDACS so that:

|postgain_offset| < postgain calibration tolerance.

Calibration at Higher Gains

If you have performed gain calibration at a gain of 1 and the gain is changed to a value not equal
to 1 (i.e., 2, 5, 10, 20, 50, or 100), you will get a maximum gain error of 0.5%. In addition, the
post-gain offset will change, so you must recalibrate both the post-gain offset (CALDACS) as
well as gain (CALDACS®) at that gain. If you perform gain and post-gain offset calibrations at all
other gains and store these values in the EEPROM, the maximum gain error will be 0.02% at all
gains. Follow the same steps as given in the Gain Calibration section, but use a gain not equal
to 1.

Note: When you use a gain not equal to 1, remember that the voltage reference (V,.f)
multiplied by the gain should be less than 4.5 V.

Unipolar Input Calibration Procedure

If your board is configured for unipolar input, which has an input range of 0 to +10 V, complete
the following steps. This procedure assumes that your ADC readings are in the O to 4,095 range;
that is, you have selected the straight binary coding scheme.

In unipolar mode, the offset can be negative and while doing offset adjustment, all of the
acquired samples can be 0 V. This results in incorrect offset calibration. To correct this
problem, initialize CALDACS to 0 to create a maximum positive offset. Initialize the other
CALDAC:S (3, 4, and 6) to 128 as before.
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Pregain Offset Calibration

Follow the same steps as in the Bipolar Input Configuration Procedure section for pregain offset
coarse and pregain offset fine calibration. Remember to configure the analog input for bipolar
mode when performing pregain offset calibration. Reconfigure the analog input for unipolar
mode for gain and postgain offset calibration.

After the pregain offset calibration, there will be a residual positive post-gain offset remaining
because the post-gain CALDAC is biased to one extreme.

Gain Calibration
For gain calibration, use the following procedure:

1. Take 1,024 samples from channel O (still connected to AGND) at a gain of 1. Take the mean
and call it postgain_offset.

2. Connect the voltage reference (Vref) between ACHI (pin 2) and AGND (pin 11). Choose a
voltage reference between 8.0 and 9.5 V.

3. Take 1,024 samples from channel 1 at a gain of 1. Take the mean and call it mean].

4. Adjust CALDACS so that :

Vref

|(meanl - postgain_offset) - oV * 4,095| < gain calibration tolerance.

Perform the calibration for gains not equal to 1 as you did for bipolar input. Remember that the
voltage reference (V,¢p) multiplied by the gain used should be less than 9.5 V.

Postgain Offset Calibration
For postgain offset calibration, use the following procedure:

1. Take 1,024 samples from channel 1 (still connected to Vi) at a gain of 1. Take the mean
and call this meanl.

2. Adjust CALDACS so that:

|meanl| < postgain calibration tolerance.

Analog Output Calibration

To null out error sources that affect the accuracy of the output voltages generated, you must
calibrate the analog output circuitry by adjusting the following potential sources of error.

* Analog output offset error

* Analog output gain error
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Offset error in the analog output circuitry equals the total of the voltage offsets contributed by
each component in the circuitry. This error appears as a voltage difference between the desired
voltage and the actual output voltage generated and is independent of the D/A voltage setting.

To correct this offset error, the routine sets the D/A to 0 V and adjusts CALDAC7 or CALDAC9
(for DACO or DACI respectively) until the output voltage is 0 V.

Gain error in the analog output circuitry is the product of the gains contributed by each
component in the circuitry. This error appears as a voltage difference between the desired
voltage and the actual output voltage generated and is dependent on the D/A voltage setting. To
correct this gain error, the routine sets the D/A to a positive voltage (V,.p) and adjusts CALDACS
or CALDACIO0 (for DACO or DACI respectively) until the output voltage corresponds to Vir.

You must calibrate the analog input circuitry before calibrating the analog output circuitry
because the output calibration procedure depends on the analog input circuitry. Also, for analog
output calibration, set the analog input circuitry calibration to referenced single-ended (RSE),
bipolar mode. Refer to Tables 4-1 and 4-2 for calibration tolerances.

Bipolar Output Calibration Procedure

If your board is configured for bipolar output, which provides the -5 to +5 V range, complete the
following procedure. This procedure assumes that DAC coding is in the -2,048 to +2,047 range;
that is, you have selected the two's complement coding scheme.

Initialize all of the CALDAC:S for analog output (7, 8, 9, and 10) to 128 before you start the
calibration procedure. This sets each CALDAC at midscale. Perform gain calibration before
offset calibration.

Gain Calibration

1. Write a value (-V,¢) to DACO or DACI. Choose a value of Vrefbetween 3 and 4.5 V.

2. Take 1,024 readings from analog input channel 2 (still connected to DACOOUT or
DACIOUT) at a gain of 1. Take the mean and call it mean_gain_neg_vref.

3. Write the value Vref to DACO or DACI.

4. Take 1024 readings from analog input channel 2 at a gain of 1. Take the mean and call it
mean_gain_vref.

5. Adjust CALDACS (or CALDACI10) so that:
Vref

|(mean_gain_ref - mean_gain_neg_ref) - * 4095| < gain calibration tolerance.
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Offset Calibration
1. Connect DACOOUT, pin 10, (or DAC1OUT, pin 12) to analog input channel 2 (pin 3).
2. Write a 0 to DACO (or DAC1).

3. Take 1,024 readings from analog input channel 2 at a gain of 1. Take the mean and call it

offset.
4. Adjust CALDACT7 (or CALDACY) so that:

|loffset| < offset calibration tolerance.

Unipolar Output Calibration Procedure

If your board is configured for unipolar output, which provides the 0 to +10 V range, complete
the following procedure. This procedure assumes that DAC coding is in the 0 to +4,095 range;
that is, you have selected the straight binary coding scheme.

Set analog input to bipolar mode for analog output unipolar offset calibration. For gain
calibration, set the analog input mode to unipolar. Initialize all of the CALDACS for analog
output (7-10) to 128 before starting the gain calibration procedure. This sets each CALDAC to
mid-scale.

Gain Calibration

1. Write 0 to DACO (or DAC1). Choose a value between 8.0 and 9.5 V.

2. Take 1,024 readings from analog input channel 2 (still connected to DACOOUT or
DACIOUT) at a gain of 1. Take the mean and call it mean_gain_zero.

3. Write the value v to DACO or DACI. Choose a value between 8.0 and 9.5 V.

4. Take 1,024 readings from analog input channel 2 at a gain of 1. Take the mean and call it
mean_gain_vref.

3. Adjust CALDACS (or CALDACI10) so that:

|(mean_gain_vref— mean_gain_zero) - ]Vor_e{/ * 4,095| < gain calibration tolerance.
Offset Calibration
1. Connect DACOOUT, pin 10, (or DAC1OUT, pin 12) to analog input channel 2 (pin 3).
2. Write a 0 to DACO (or DAC1).

3. Take 1,024 readings from analog input channel 2 at a gain of 1. Take the mean and call it

offset.
4. Adjust CALDAC7 (or CALDACY9) so that:

loffset| < offset calibration tolerance.

PCI-1200 RLPM 4-8 © National Instruments Corporation



Chapter 4 Calibration

EEPROM Map

Table 4-3 shows part of the EEPROM map for the PCI-1200. Locations 180-255 contain
information about the PCI-1200 that NI-DAQ uses. These locations are not shown and you
should not access them. The factory bipolar area contains locations 156179 and the factory
unipolar area contains 132—155. The user areas are in the lower half of the EEPROM. The
pointers from 120—127 are initialized to point to factory locations. To use user area calibration
data, you must set these pointers to point to the appropriate user area. Notice that if you point
the Al bipolar frame to user area 1, you must also point the corresponding gain and offset
pointers to the user area 1 gain and offset frames respectively.

Note: NI-DAQ uses these pointers to load a set of calibration constants into the CALDAC
each time you run a function pertaining to the PCI-1200. Hence, if you use NI-DAQ
along with your register-level code, you must assign these pointers correctly or NI-
DAQ will load incorrect values into the CALDACs.

Table 4-3. PCI-1200 EEPROM Map

Location Hex Decimal Description
179 00 0 Factory Al CALDACO bipolar value
178 00 0 Factory Al CALDACI bipolar value
177 00 0 Factory Al CALDAC?2 bipolar value
176 00 0 Factory Al CALDACS3 bipolar value
175 00 0 Factory AO CALDACH4 bipolar value
174 00 0 Factory AO CALDACS bipolar value
173 00 0 Factory AO CALDACG bipolar value
172 00 0 Factory AO CALDACT7 bipolar value
171 00 0 Factory Gain 1 bipolar value-gain
170 00 0 Factory Gain 1.25 bipolar value-gain
169 00 0 Factory Gain 2 bipolar value-gain
168 00 0 Factory Gain 5 bipolar value-gain
167 00 0 Factory Gain 10 bipolar value-gain
166 00 0 Factory Gain 20 bipolar value-gain
165 00 0 Factory Gain 50 bipolar value-gain
164 00 0 Factory Gain 100 bipolar value-gain
163 00 0 Factory Gain 1 bipolar value-offset
162 00 0 Factory Gain 1.25 bipolar value-offset
161 00 0 Factory Gain 2 bipolar value-offset
160 00 0 Factory Gain 5 bipolar value-offset
159 00 0 Factory Gain 10 bipolar value-offset
158 00 0 Factory Gain 20 bipolar value-offset
157 00 0 Factory Gain 50 bipolar value-offset
156 00 0 Factory Gain 100 bipolar value-offset

(continues)
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Location Hex Decimal Description
155 00 0 Factory AI CALDACO unipolar value
154 00 0 Factory AI CALDACI unipolar value
153 00 0 Factory Al CALDAC?2 unipolar value
152 00 0 Factory AI CALDACS3 unipolar value
151 00 0 Factory AO CALDAC4 unipolar value
150 00 0 Factory AO CALDACS unipolar value
149 00 0 Factory AO CALDACS6 unipolar value
148 00 0 Factory AO CALDACT7 unipolar value
147 00 0 Factory Gain 1 unipolar value-gain
146 00 0 Factory Gain 1.25 unipolar value-gain
145 00 0 Factory Gain 2 unipolar value-gain
144 00 0 Factory Gain 5 unipolar value-gain
143 00 0 Factory Gain 10 unipolar value-gain
142 00 0 Factory Gain 20 unipolar value-gain
141 00 0 Factory Gain 50 unipolar value-gain
140 00 0 Factory Gain 100 unipolar value-gain
139 00 0 Factory Gain 1 unipolar value-offset
138 00 0 Factory Gain 1.25 unipolar value-offset
137 00 0 Factory Gain 2 unipolar value-offset
136 00 0 Factory Gain 5 unipolar value-offset
135 00 0 Factory Gain 10 unipolar value-offset
134 00 0 Factory Gain 20 unipolar value-offset
133 00 0 Factory Gain 50 unipolar value-offset
132 00 0 Factory Gain 100 unipolar value-offset
131 00 0 Not used
130 00 0 Not used
129 00 0 Not used
128 00 0 Not used
127 B3 179 Point to Al bipolar frame
126 A3 155 Point to Al unipolar frame
125 AF 175 Point to AO bipolar frame
124 9F 151 Point to AO unipolar frame
123 AB 171 Point to bipolar Gain frame
122 9B 147 Point to unipolar Gain frame
121 00 163 Point to bipolar offset frame
120 00 139 Point to unipolar offset frame
119 00 0 Not used
118 00 0 Not used
117 00 0 User 1 Al CALDACO value
116 00 0 User 1 Al CALDACI] value
115 00 0 User 1 Al CALDAC?2 value
114 00 0 User 1 Al CALDACS3 value
113 00 0 User 1 AO CALDAC4 value
112 00 0 User 1 AO CALDACS value
111 00 0 User 1 AO CALDACS6 value
110 00 0 User 1 AO CALDACT value
109 00 0 User 1 Gain 1 value-gain
(continues)
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Table 4-3. PCI-1200 EEPROM Map (Continued)
Location Hex Decimal Description
108 00 0 User 1 Gain 1.25 value-gain
107 00 0 User 1 Gain 2 value-gain
106 00 0 User 1 Gain 5 value-gain
105 00 0 User 1 Gain 10 value-gain
104 00 0 User 1 Gain 20 value-gain
103 00 0 User 1 Gain 50 value-gain
102 00 0 User 1 Gain 100 value-gain
101 00 0 User 1 Gain 1 value-offset
100 00 0 User 1 Gain 1.25 value-offset
99 00 0 User 1 Gain 2 value-offset
98 00 0 User 1 Gain 5 value-offset
97 00 0 User 1 Gain 10 value-offset
96 00 0 User 1 Gain 20 value-offset
95 00 0 User 1 Gain 50 value-offset
94 00 0 User 1 Gain 100 value-offset
93 00 0 Not used
92 00 0 Not used
91 00 0 User 2 A CALDACO value
90 00 0 User 2 Al CALDACI value
89 00 0 User 2 Al CALDAC?2 value
88 00 0 User 2 A CALDACS3 value
87 00 0 User 2 AO CALDACA value
86 00 0 User 2 AO CALDACS value
85 00 0 User 2 AO CALDACEG value
84 00 0 User 2 AO CALDACT7 value
83 00 0 User 2 Gain 1 value-gain
82 00 0 User 2 Gain 1.25 value-gain
81 00 0 User 2 Gain 2 value-gain
80 00 0 User 2 Gain 5 value-gain
79 00 0 User 2 Gain 10 value-gain
78 00 0 User 2 Gain 20 value-gain
77 00 0 User 2 Gain 50 value-gain
76 00 0 User 2 Gain 100 value-gain
75 00 0 User 2 Gain 1 value-offset
74 00 0 User 2 Gain 1.25 value-offset
73 00 0 User 2 Gain 2 value-offset
72 00 0 User 2 Gain 5 value-offset
71 00 0 User 2 Gain 10 value-offset
70 00 0 User 2 Gain 20 value-offset
69 00 0 User 2 Gain 50 value-offset
68 00 0 User 2 Gain 100 value-offset
67 00 0 Not used
66 00 0 Not used
65 00 0 User 3 Al CALDACO value
64 00 0 User 3 Al CALDACI value
63 00 0 User 3 Al CALDAC?2 value
62 00 0 User 3 Al CALDACS3 value
(continues)
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Location Hex Decimal Description
61 00 0 User 3 AO CALDACA value
60 00 0 User 3 AO CALDACS value
59 00 0 User 3 AO CALDACEG value
58 00 0 User 3 AO CALDACT value
57 00 0 User 3 Gain 1 value-gain
56 00 0 User 3 Gain 1.25 value-gain
55 00 0 User 3 Gain 2 value-gain
54 00 0 User 3 Gain 5 value-gain
53 00 0 User 3 Gain 10 value-gain
52 00 0 User 3 Gain 20 value-gain
51 00 0 User 3 Gain 50 value-gain
50 00 0 User 3 Gain 100 value-gain
49 00 0 User 3 Gain 1 value-offset
48 00 0 User 3 Gain 1.25 value-offset
47 00 0 User 3 Gain 2 value-offset
46 00 0 User 3 Gain 5 value-offset
45 00 0 User 3 Gain 10 value-offset
44 00 0 User 3 Gain 20 value-offset
43 00 0 User 3 Gain 50 value-offset
42 00 0 User 3 Gain 100 value-offset
41 00 0 Not used
40 00 0 Not used
39 00 0 User 4 A1 CALDACO value
38 00 0 User 4 Al CALDACI value
37 00 0 User 4 Al CALDAC?2 value
36 00 0 User 4 A CALDACS3 value
35 00 0 User 4 AO CALDACA value
34 00 0 User 4 AO CALDACS value
33 00 0 User 4 AO CALDACEG value
32 00 0 User 4 AO CALDACT value
31 00 0 User 4 Gain 1 value-gain
30 00 0 User 4 Gain 1.25 value-gain
29 00 0 User 4 Gain 2 value-gain
28 00 0 User 4 Gain 5 value-gain
27 00 0 User 4 Gain 10 value-gain
26 00 0 User 4 Gain 20 value-gain
25 00 0 User 4 Gain 50 value-gain
24 00 0 User 4 Gain 100 value-gain
23 00 0 User 4 Gain 1 value-offset
22 00 0 User 4 Gain 1.25 value-offset
21 00 0 User 4 Gain 2 value-offset
20 00 0 User 4 Gain 5 value-offset
19 00 0 User 4 Gain 10 value-offset
18 00 0 User 4 Gain 20 value-offset
17 00 0 User 4 Gain 50 value-offset
16 00 0 User 4 Gain 100 value-offset
15 00 0 Not used

(continues)
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Table 4-3. PCI-1200 EEPROM Map (Continued)
Location Hex Decimal Description
14 00 0 Not used
13 00 0 Not used
12 00 0 Not used
11 00 0 Not used
10 00 0 Not used
9 00 0 Not used
8 00 0 Not used
7 00 0 Not used
6 00 0 Not used
5 00 0 Not used
4 00 0 Not used
3 00 0 Not used
2 00 0 Not used
1 00 0 Not used
0 00 0 Not used
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Appendix A
Fujitsu MB88341/MB88342 Data Sheet*

This appendix contains the manufacturer data sheet for the MB88341/MB88342 R-2R type 8-bit
D/A converter manufactured by Fujitsu Microelectronics, Inc. The MB88341 D/A converter is
used on the PCI-1200.

* Copyright © Fujitsu Microelectronics, Inc. Reprinted with permission of copyright owner.
All rights reserved.
Fujitsu Microelectronics, Inc. 1990 Linear Products 1990 Data Book.

© National Instruments Corporation A-1 PCI-1200 RLPM



Fujitsu MB88341/MB88342 Data Sheet Appendix A

October 1989

o8
Edition 1.0 FU]ITSU

MB88341/MB88342
R-2R TYPE 8-BIT D/A CONVERTER

DESCRIPTION

MB88341-P MB88342-P

The Fujitsu MB88341 and MB88342 are R-2R type 8-bit resolution digital-to—analog
converters (DAC), designed for interface with a wide range of general 4-bit and 8-bit
microcomputers including Fuijitsu’s MB8840/50 series and MB88400/500 series 4-bit
single—chip microcomputers.

The MB88341 has an 8-bitx 12-channel D/A converter and the MB88342 has an 8-bit
x 8—channel D/A converter. Digital data are input serially by individual channel units.
The loaded digital data are convertered into analog DC voltages by the D/A converter in
60 ps settling time. The MB88341 and MB88342 are suitable for electronic volumes

andrepl for potenti for adj , in addition to normal D/A converter

applications. PLASTIC DIP PLASTIC DIP
(DIP-20P-M02) (DIP-16P-M04)

FEATURES MB88341-PF MB88342-PF

« Conversion method : R—2R resistor ladder

« MB88341 : 8-bit x 12—channel D/A converter

« MB88342 : 8-bit x 8—channel D/A converter

 Serial data input

o Serial data output for cascade connection PLASTIC SOP PLASTIC SOP
(FPT-20P-M01) (FPT-16P-M02)

« 60 us DAC output settling time

« Two separate power supply/ground lines for digital and analog blocks. MB88341-PFV/MB88342-PFV
« Single +5V power supply
« Wide operating temperature range: —-20°C to +85°C «
« Silicon-gate CMOS process
» Three package options :
~MB88341: 20-pin plastic DIP (Suffix : —P), 20-pin plastic SOP (Suffix : -PF), PLASTIC SSOP
20-pin plastic SSOP (Suffix : -PFV) (FPT-20P-M03)

—MB88342: 16—pin plastic DIP (Suffix : -P), 16—pin plastic SOP (Suffix : —-PF),
20-pin plastic SSOP (Suffix : -PFV)

kxmahsolrwmytopvmthﬂrpm agalmdanwedue

lo high static voltages or elect advised that
nnalpvmmmbalakemoavod wplba!bndunyvohoohlgw
than rated voltages 1o this high i circul
Copyrignt© 1989 FUJITSU LIMITED
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MB88341
MB88342
Figure 1 Pin Assignment

MB88341-P MB88341-PF MB88341-PFV

N
vss []1 20[Jceww  vss [J10 20 GND  vss [ 10O 20 GND
A3 [ 2 19 [J ao2 Ao3 []2 19 ] Ac2 Aos []2 19 | Ac2
Acs [] 3 18] ] A0t Ao []3 18] ]A01  acs []3 18 | ] AO1
aos [ 4 17 ] oI Aos [] 4 17 ] ol Aos [] 4 17[] ol
Aos [] s 16 [ ] cLK Aos []s 16 ] ck Aos []5 16 [] cik

(Top View) Top View, Top View,
o7 [ s 5] w AO7[:6(p )15:]LD AO?ES(p )15:]LD
Acs [] 7 14 ] po Acs [ 7 14 [] po Acs []7 14 "] po
A09 [ s 13 ] ao12  A09 []s8 13 ] Ao12  A09 []s8 13 ] Aot2
Aoto[] 9 12[] aot1 aot0[] e 12[7] Aott Ao10[] e 12 [] Aot
voo [] 10 1 [ vee Voo 10 11 [ vee voo [] 10 11 [ vee

MB88342-P MB88342-PF MB88342-PFV
vss [] 1 7 ] GND  vss []10 w[JGeN vss [J10 20{7] GaND
A2 [] 2 15 ] A0t A02 []2 15 ] Ao1 A2 []2 19 [] Aot
a03 [] s 14 [] o ao3 [ “w[]o  Ne []s 18] NC.
Ac4 [] 4 B3] ck Aos [a4 13 ] ck Ao3 []4 17[] ol

(Top View) (Top View)
Aos [] s P 127 o A0s s 12 w Acs []s 16 ] cLK

Top View)
Aos [] s 11 ] oo Aos [ 11 [] po AOSEG(D 15] b
a7 [ 7 0] ] Ao ao7 []7 10 ]Acs Aoce []7 14[] oo
Voo 8 9] Vee voo []s 9 Jvee Nc []s 13[] NC.
ao7 [} o 12[] Acs
voo [] 10 17 vee
7-118
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MB88341
MB88342
Figure 2 Logic Symbol
+5V +5V
Vee Voo 12
Shift Clock Input CLK —¥]
—A~— AO1-AO12 DAC Output
—_— MB88341
Data Input Di MB88342
— DO Data Output
Load Strobe Input LD ——»|
GND Vss
* MB88342 has AO1 to ACS8.
Figure 3 Block Diagram
Vec GND
] 1
Digital Block (MCU Interface) 7
CLK 12-bit Shift Register
DI + DO
Do D1 D2 D3 D4 Ds D6 D7 D8 D9 D10 D11
4-bit Address Latch LD
/8 and Decoder
V.
12| 3]4|-a---
12 12454 ----1dfre]
7 . -
od p1] - - - peloA pd D1 - - - DeD7|
| ] 8bitDatalatch | _ _ __ oo -.. 8-bit Data Latch
# #12
coccccaclldlldd .............---.-.-.-.....irliitli--..---.
R-2R Type 8-bit R-2R Type 8-bit
D/A Converter D/A Converter
F S I Ee i #12
Analog Block (D/A Converter)
| v v |
Voo ADl e-scececencnceccmcnonrcccaccccccacs AO12* Vss
* MB88342 has AO1 to ACS8.
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342 Data Sheet

PIN DESCRIPTION

Figure 1 and Table 1 show the pin assignment and pin description of the MB88341 and MB88342.

Table 1 Pin Description

Vee 11 9 (11)

Name & Function

— . 2o

2 2 BRI 2 =
+5V DC power supply pin for the digital block (MCU interface).

GND 20 16 (20) Ground pin for the digital block (MCU interface).
Vop 10 8 (10) +5V DC power supply pin for the analog block (D/A converter).
Vss 1 1M Ground pin for the analog block (D/A converter).

- oo r—

2

- DI 17 14 (17)

CLK 16 13 (16) Shift clock input to the internal 12-bit shift register: At the rising edge of CLK data on
the DI pin is shifted into the LSB of the shift register and contents of the shift register
are shifted right (to the MSB).

LD 15 12 (15) Load strobe input for a 12-bit address/data : A high level on the LD pin latches a 4-bit

address (upper 4 bits: D11 to D8) of the intemal 12-bit shift register into the intemal
address latch/decoder, and writes 8-bit data (lower 8 bits: D7 to DO) of the shift register
into an internal data latch selected by the latched address.

Serial address/data input to the internal 12—bit shift register: The address/data formatis
that upper 4 bits (D11 to D8) indicate an address and lower 8 bits (D7 to DO) indicate data.
The D11 (MSB) is the first-in bit and DO (LSB) is the last—in bit.

DO 14 11 (14)

AO1 18 15 (19)
AO2 19 2 (2
AC3 2 3 @4
AOC4 3 4 (5
AOS 4 5 (6)
AO6 5 6 (7)
AO7 6 709
AO8 7 10 (12)
AOS 8 - )
AO10 9 - =)
AO11 12 - )
AO12 13 - (]

Serial address/data output from the internal 12-bit shift register: This is an output pin of
the MSB bit data of the 12-bit shift register. This pin allows a cascade connection of the
device.

8-bit resolution D/A converter outputs :

MB88341: 12 channels (AO1 to AO12)
MB88342: 8 channels (AO1 to AO8)

Note : Pin numbers in parentheses are applied to MB88342-PFV.

7-120
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MB88341
MB88342

FUNCTIONAL DESCRIPTION

OVERVIEW

The MB88341 and MB88342 are R—2R resistor ladder type, 8-bit resolution digital-to-analog converter (DAC) devices. The MB88341 has 12
channels, and MB88342 has 8 channels of D/A converters. 8-bit digital data are loaded into internal data latches by individual DAC channel units.
The loaded digital data are converted into analog DC voltages through the internal D/A converter in 60 ps settling time. For cascade connection, a
serial data output is provided.

DEVICE CONFIGURATION

As illustrated in Figure 3 block diagram, the MB88341 (MB88342) device is composed by the digital block (MCU interface) and analog block (D/A
converter). The digital block consists of a 12-bit shift register, a 4-bit add latch/decoder, and 12 (8) 8-bit data latches. The analog block
includes 12 (8) 8-bit D/A converters connecting to the data latches. For electrically stable operation the power supply and ground lines are separate
between the digital block (for MCU interface) and analog block (for D/A converter).

DEVICE OPERATION

Figure 4 shows the input/output timing. A 12-bit address/data is serially input into the shift register through the DI pin synchronously with the rising
edge of CLK. The format of the shift register is shown in Figure 5. The lower 8 bits (D7 to DO) are data bits to be converted, and the upper 4 bits are
address bits (D11 to D8) to select a data latch to be written. A high level on the LD pin loads the address-fatch/decoder with the 4-bitaddress to select
adata latch, and writes the 8-bit data into a selected data latch. Figure 6 shows the data latch address map, and Table 2, address decoding. 8-bit
data written into individual data latches are converted into analog DC voltages, dividing the supply voltage {Voo—-Vss| through R-2R resistor ladders
of D/A converters. Figure 7 shows the R—2R resistor ladder D/A converter configuration, and Table 3 analog DC voltages corresponding to each
digital data.

Figure 4 Input/Output Timing

AaininlpiaEEsininl

DI Xon DQXDB X:----:X_X_X X
LD J'I

AOx Previous Data X New Data

7-121
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MB88341
MB88342
Figure 5 Shift Register Format
{Last-In) (First-in)
LsB MSB
DI DO

D— Do D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 | D11 ——D

l‘-—-——- S—bii Data =lr< 4-bit A;dress —Ol

To Data Latch To Address Latch/Decoder

Figure 6 Data Latch Address Map

Address
1H Data Latch #1 D/A Converter #1 AO1
2H Data Latch #2 D/A Converter #2 AO2
3H Data Latch #3 D/A Converter #3 AO3
4H Data Latch #4 D/A Converter #4 AO4
5H Data Latch #5 D/A Converter #5 AOS
6H Data Latch #6 D/A Converter #6 AOE
7H Data Latch #7 D/A Converter #7 AO7
8H bata Latch #8 D/A Converter #8 AC8
9H Data Latch #9 * D/A Converter #9 * AOg *
AH Data Latch #10 * D/A Converter #10 * AO10*
BH | Data Latch #11 * D/A Converter #11 * AO11*
CH Data Latch #12 * D/A Converter #12* AO12*

* : Available on MB88341 only

7-122
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MB88342
Figure 7 R-2R Resistor Ladder D/A Converter Configuration
i
D
a
t
a
L
:
o
h
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Table 2 Address Decoding

0 (] 0 0 Deselected

0 o] 0 1 Data Latch #1

0 0 1 ] Data Latch #2

0 [ 1 1 Data Latch #3

0 1 0 0 Data Latch #4

0 1 0 1 Data Latch #5

[ 1 1 0 Data Latch #6

0 1 1 1 Data Latch #7

1 0 0 0 Data Latch #8

1 0 0 1 Data Latch #9 Deselected
1 0 1 0 Data Latch #10 Deselected
1 0 1 1 Data Latch #11 Deselected
1 1 0 0 Data Latch #12 Deselected
1 1 0 1 Deselected

1 1 1 0 Deselected

1 1 1 1 Deselected

- Table 3 Data Conversion

=|VDD - Vss| x 1/256

0 0 [ [ 0 0 0 [
0 0 0 0 0 0 0 1 = VDD - Vss | x 2/256
0 0 0 0 0 0 1 0 = |VoD—Vss | x 3/256
0 0 0 0 0 0 1 1 ~ VDD - Vss | x 4/256

1 1 1 1 1 1 1 0 = VDD - Vss | x 255/256
1 1 1 1 1 1 1 1 = [VoD-Vss |

7-124
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MB88341
MB88342
Figure 8 Cascade Connection Example
+5V Voo Voo Voo
o ? T Q
Vee MB88341 MB88341 MB88341
DATA
(SO) DI DO DI DO 2} DO p——»
Microcontroller (%%%%() CLK CLK CLK
Strobe LD — LD — LD
GND
GND  Vss GND  Vss GND  Vss
| | ] )J7
77 77
7-125
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APPLICATION DESCRIPTION

The MB88341 and MB88342 are suitable for electronic vol andrep for adjustment potenti , in addition to normal D/A converter
ppli . Figure 8iill an application ple for TV set.
Figure 9 Application Example (for TV Set)
+5V Voo
o
Vi Vi
'cc 'cc AO1 Tone
DATA DI AO2 Focus
(SO)
AO3 |___Contrast___1 vijdeo/Color Control
i ter 2K CLK Aos j—Erghiness o
MB88342 Depth
05
Strob LD AOS
AO7
AO8
GND GND Volume|
)————J Vol
) I L Sound Control
7 77 Tone
Vss
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MB88341
MB88342

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATI

-

Supply Voltag Ta=25°C
oltage

PP VoD 03 7.0 v GND=0V

Input Voltage VN 03 70 v Ta=25°C
GND=0V
Should not exceed Vce +

Output Voltage Vour 03 7.0 v 0.3V

Power Dissipation Po 250 mwW

Operating Ambient _

Temperature Ta 20 +85 °C

Storage Temperature Tsta -55 +150 °C

¥ Permanent device damage may occur if the above ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to
the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may

affect device reliability.

RECOMMENDED OPERATING CONDITIONS

Supply Voltage

(for Digital Block)
GND Y \
Voo 3.0 Vee v VoD < Vi

Supply Voltage 00 S Veo,

(for Analog Block) Monotonicity, No load
Vss 0 1.0 v

Operating Ambient .

Temperature Ta 2 +85 ©

PCI-1200 RLPM A-12
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MB88342
DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Digital Block (MCU Interface)
Active Supply Current lec 1.0 mA CLK = 1MHz
All inputs (including CLK) fixed at Vec
Standby Supply Current lecs 10 pA or GND.
All outputs open.
Input Leakage Current Ik -10 10 HA VIN = 0to Vee
Input Low Voltage Vi 0.2eVce v
Input High Voltage VK 0.8eVce v
Output Low Volitage VoL 0.4 " loL=25mA
Output High Voltage VoH Vee-0.4 v loH = —400 pA
Analog Block (D/A Converter)

15 30 mA MB38341

Supply Current oo No load
12 25 mA MBB8342

Resolution 8 bit Monotonicity, lout = -0.01 pA

Variation of Linearity e

Channels +3 LsB Monotonicity, No load
7-128
© National Instruments Corporation A-13
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MB88342

AC CHARACTERISTICS

.

Clock Low Time

(Recommended operating conditions unless otherwise noted.)

200 ns

Clock High Time CKH 200 ns

Clock Rise Time tr 200 ns

Clock Fall Time ot 200 ns

Data Setup Time tDCH 30 ns

Data Hold Time CHD 60 ns

Load Strobe High Time LOH 100 ns

Load Strobe Setup Time fCHL 200 ns

Load Strobe Hold Time toc 100 ns

DAC Output Settling Time 0D 60 HS No load
Data Output Delay Time too 70 350 ns *CL = 20 pF (Min.), 100 pF (Max.)

Figure 10 AC Test Conditions

Device
Under
Test

CL*

Test Point

PCI-1200 RLPM

A-14
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MB88342
Figure 11 Input/Output Timing
ter {CKH
08V [
CLK 0.20vee o O 6 2evies Ho2evec
| ttoc
DI o.a.va D.8eVce
0.2eV( 0.2eVcC
DC!H tCHD toH
tCHL
0,84V 0.8eVce
Lo 0.20Vce N 0.20vec
1LDD
AOx Previous Data x New Data Valid

m

Do Previous Data 3%04 New Data Valid

ko
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PACKAGE DIMENSIONS

MB88341-P

20-LEAD PLASTIC DUAL IN-LINE PACKAGE

(Case No. : DIP-20P-M02)

970+ 998(24.64+329)
woext LA LTI M ol . --_-_-;:a%’s'MAx
.ZMié)‘lg
(6.20+0.25)
» O 300(7.62)
T Y
INDEX-2 ISR LI LI LI LI ]
_osnf'g"z _0501&”z .010+.002
086 7030) 1277439, (0.25+0.05)
\

.172(4.36) MAX

—1
118(3.00) MIN

:05001.27) :100(2.64) J’ 018+.003  020(0.51) MIN
MAX T Y "(0.46+0.08)
Dimensions in 7
©|9a‘ I'lllITSI! lIIITEIl 0200038-30 inches (millimeters)
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MB88341-PF

20-LEAD PLASTIC FLAT PACKAGE
(Case No.: FPT-20P-M01) .089(2.25) MAX

(SEATED HEIGHT)
+.010 +0.25
=500 008!'2.70 =020 1002(0.05) MIN
{STAND OFF)
307+.016 J
INDEX (7.80£0.40)
209+.012 268+ :935(6.80+349)
O/ (5.30+0.30)
]
TELEEELERER 020+ 008
(0.50+0.20)
.050(1.27) 018004 por T
TP 04520 10)12[£:005(0.13) - 006" 9%2015+9%5)

i
1
----- ! 008(0.20);
) { :’
| -
(7] .004(0.10) ! Z: ;
i , .020(0.50) |
450(11.43) REF ! 007(0.18) |
! MAX !
H .027(0.68)
1

(A MAX ]
Dimensions in
©1988 FUNTSU LIMITED F20003S-4C inches (millimeters)
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MB88341-PFV
20-LEAD PLASTIC FLAT PACKAGE
(Case No.: FPT-20P-M03)
04g+-008
y (SEATED HEIGHT)
+0.20,
(1257329
. 1256+004
T@5050.101 & o]
AAARARAAR
252+.008
(5.40:0.20) 213(5.40) NOM
INDEX *173+.004 213640
{4.40+0.10)
t I ok
CLEE LT — ~
+.004
.0256+.0047 ‘ _\ 009002 0067 3320.1570.0%)
0.65+0.12] +0.10,
( ) 0227 g02) e 4
| Details of “A” part |
I 004+.004 . i
! 10105010y (STAND OFF) }
|
Iinismininin I :
I |
230(5.85) ! 020+.008 }
REF | (0.50+0.20) |
10to 10’\/ |
I
e _
Dimensions in 7
© 1989 FUNTSU LIMITED F200125-2C * : This dimension does not include resin protrusion. inches (millimeters)
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MB88342-P

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(Case No. : DIP-16P-M04)

+.008 +0.20,

770+ -39819.55 7 8 30—~ \
a0 O el s B i M F'i
244+.010 300(7.62)
(6.20+0.25) TYP
oo T O L e
+.012 +.012
J,_.gfoi | 080-0 010+.002
+0.30, +0.30 0.25+0.05,
10.99+3-30) (152339 ( )
172(4.36) MAX
() .
I 1118(3.00) MIN
050(1.27) | | .100(2.54) 018+.003
MAX ! T Tvp TT0.46+£008) 020(0.51) MIN

Dimensions in
©1988 FUNITSU LIMITED D160338-2C

inches (millimeters)
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MB88342-PF

16-LEAD PLASTIC FLAT PACKAGE
(Case No. : FPT-16P-M02)

.089(2.25) MAX
+.010 +0.25 (SEATED HEIGHT)

400" 00110.15+ 025
.002(0.05) MIN
'EEEREE] (STAND OFF)
T
|
I,sou.ms -~
} ‘ +.0165 o +0.40
209+.012 268 _ 508!6-80_0 20!
(5.30+0.30) |
BHHEEEH J 1 020+.008
—— (0.50+0.20)
.050(1.27) 018+.004 +.002, . +0.05
S 455010, C 18005013 B 008" 39%0.15 7995,

r Al
Details of "A" part !

I

i 1008(0.20)!
I

[ S
RE
1

1

1

1

I

I

)

)]
7.020(0.50) |
.007(0.18) '

— .350(8.89} REF

MAX
.027(0.68) |
L-__k‘LAiMéx.E_;JI . i ;
©1988 FUNTSU LIMITED F16005S-4C s (g

inches (millimeters)
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MB88342
MB88342-PFV
20-LEAD PLASTIC FLAT PACKAGE
(Case No.: FPT-20P-M03)
.0a97 998
(SEATED HEIGHT)
P
©.256+.008 _
~—asosot0 (Sl om0 ]
AARARARAR 9
| 252+ .008
| (640:020
INDEX 1735 008 .213(5.40) NOM
(4.40+0.10)
t i A
LR L] S ~5% 1
+.004
0256+ .0047 0097507 008" 30%0.1513.0%)
65012 +0.10
(0.85+0.12) (0.227 5 o) e 1
| Details of “A" part |
| 004+ 004 i
| ©10z0.10) STAND OFF :
|
Ty ! i
|
| |
|._.2305.85) ‘, 020+.008 i
—Rer ! 0.50+0.20) i
1010 10] I
I I
L _E"_ _________________ —

©1989 FUNTSU LIMITED F20012S-2C

* : This dimension does not include resin protrusion.

Dimensions in
inches (millimeters)
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Xicor X25020 Data Sheet*

This appendix contains the manufacturer data sheet for the X25020 SPI serial EEPROM
manufactured by Xicor, Inc. This EEPROM is used on the PCI-1200.

* Copyright © Xicor, Inc. Reprinted with permission of copyright owner.
All rights reserved.
Xicor Inc. 1995 Nonvolatile Solutions Data Book.
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APPLICATION NOTES
AVAILABLE
ANO » AN18 « AN31 « AN37 « AN4O

Appendix B

®

2K X25020

256 x 8 Bit

SPI Serial E2PROM With BLOCK LOCK™ PROTECTION

FEATURES

® 1MHz Clock Rate
® SPI Modes (0,0 & 1,1)
® 256 X 8 Bits
—4 Byte Page Mode
® Low Power CMOS
—150pA Standby Current
—3mA Active Write Current
2.7V To 5.5V Power Supply
Block Lock Protection
—Protect 1/4, 1/2 or all of E2PROM Array
® Built-in Inadvertent Write Protection
—Power-Up/Power-Down protection circuitry
—Write Latch
—Write Protect Pin
Self-Timed Write Cycle
—5ms Write Cycle Time (Typical)
High Reliability
—Endurance: 100,000 cycles per byte
—Data Retention: 100 Years
—ESD protection: 2000V on all pins
® 8-Pin Mini-DIP Package
® 8-Lead SOIC Package
® 8-l ead TSSOP

DESCRIPTION "\ 5] 1%

The X25020 is a CMOS 2048-bit serial E2PROM, inter-
nally organized as 256 x 8. The X25020 features a serial
interface and software protocol allowing operation on a
simple three-wire bus. The bus signals are a clock input
(SCK) plus separate data in (Sl) and data out (SO) lines.
Access to the device is controlled through a chip select
(CS) input, allowing any number of devices to share the
same bus.

The X25020 also features two additional inputs that
provide the end user with added flexibility. By asserting
the HOLD input, the X25020 will ignore transitions on its
inputs, thus allowing the host to service higher priority
interrupts. The WP input can be used as a hardwire input
tothe X25020 disabling all write attempts, thus providing
a mechanism for limiting end user capability of altering
the memory.

The X25020 utilizes Xicor's proprietary Direct Write™
cell, providing a minimum endurance of 100,000 cycles
per byte and a minimum data retention of 100 years.

FUNCTIONAL DIAGRAM
WRITE
H?E-(FSAI;¥§R PROTECT X DECODE 256 BYTE
=] LOGIC P LOGIC ARRAY
O 16
16 X 32
SO =-——

sl »| COMMAND

DECODE
SCK AND

cs CONTROL
= LOGIC

WRITE
CONTROL [
— AND

16
16X 32

TIMING
LOGIC

WP ——

2
v} 8 32X 32

S

Y DECODE

Direct Write™ and Block Lock™ Protection is a trademark of Xicor, Inc.

DATA REGISTER

3834 FHD FO1

©Xicor, Inc. 1994, 1995 Patents Pending
3834-1.4 5/26/95 T17/C6/DQ TD

PCI-1200 RLPM

2-111
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PIN DESCRIPTIONS

Serial Output (SO)

SO is a push/pull serial data output pin. During a read
cycle, data is shifted out on this pin. Data is clocked out
by the falling edge of the serial clock.

Serial Input (Sl)

Sl is the serial data input pin. All opcodes, byte ad-
dresses, and data to be written to the memory are input
onthis pin. Data is latched by the rising edge of the serial
clock.

Serial Clock (SCK)

The Serial Clock controls the serial bus timing for data
input and output. Opcodes, addresses, or data present
on the Sl pin are latched on the rising edge of the clock
input, while data on the SO pin change after the falling
edge of the clock input.

Chip Select (CS)

When CS is HIGH, the X25020 is deselected and the SO
output pin is at high impedance and unless an internal
write operation is underway, the X25020 will be in the
standby power mode. CS LOW enables the X25020,
placing it in the active power mode. It should be noted
that after power-up, a HIGH to LOW transition on CS is
required prior to the start of any operation.

Write Protect (WP)

When WP is LOW, nonvolatile writes to the X25020 are
disabled, but the part otherwise functions normally.
When WP is held HIGH, all functions, including nonvola-
tile writes operate normally. WP going LOW while CSis
still LOW will interrupt a write to the X25020. If the
internal write cycle has already been initiated, WP going
LOW will have no affect on a write.

Hold (HOLD)

HOLD is used in conjunction with the CS pin to select the
device. Once the partis selected and a serial sequence is
underway, HOLD may be used to pause the serial
communication with the controller without resetting the
serial sequence. To pause, HOLD must be brought LOW
while SCK is LOW. To resume communication, HOLD is
brought HIGH, again while SCK is LOW. If the pause
feature is not used, HOLD should be held HIGH at all
times.

PIN CONFIGURATION
DIP/SOIC
cs+1 8 Ve
SO 2 yo5020 7| HOLD
wrP[]3 6 [1 scK
Vgg 4 5[ sl
3834 FHD F02.1
PIN NAMES
Symbol Description
CS Chip Select Input
SO Serial Output

SI Serial Input

SCK Serial Clock Input
WP Write Protect Input
Vss Ground

Vce Supply Voltage
HOLD Hold Input

3834 PGM T01.1
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PRINCIPLES OF OPERATION

The X25020 is a 256 x 8 E2PROM designed to interface
directly with the synchronous serial peripheral interface
(SPI) of many popular microcontroller families.

The X25020 contains an 8-bit instruction register. It is
accessed via the Sl input, with data being clocked in on
the rising SCK. CS must be LOW and the HOLD and WP
inputs must be HIGH during the entire operation.

Table 1 contains a list of the instructions and their
opcodes. Allinstructions, addresses and data are trans-
ferred MSB first.

Data inputis sampled on the first rising edge of SCK after
CS goes LOW. SCK is static, allowing the user to stop
the clock and then resume operations. If the clock line is
shared with other peripheral devices on the SP1bus, the
user can assert the HOLD input to place the X25020 into
a“PAUSE” condition. After releasing HOLD, the X25020
will resume operation from the point when HOLD was
first asserted.

Write Enable Latch

The X25020 contains a “write enable” latch. This latch
must be SET before a write operation will be completed
internally. The WREN instruction will set the latch and
the WRDI instruction will reset the latch. This latch is
automatically reset upon a power-up condition and after
the completion of a byte, page, or status register write

Status Register

The RDSR instruction provides access to the status
register. The status register may be read at any time,
even during a write cycle. The status register is format-
ted as follows:

7| 6|5 |4 3 2 1 0
X | X| X | X | BP1 |BPO | WEL | WIP

3834 PGM T02
BPO and BP1 are set by the WRSR instruction. WEL
and WIP are read-only and automatically set by other
operations.

The Write-In-Process (WIP) bit indicates whether the
X25020 is busy with a write operation. When settoa “1”,
a write is in progress, when set to a “0”, no write is in
progress. During a write, all other bits are set to “1”.

The Write Enable Latch (WEL) bit indicates the status of
the “write enable” latch. When setto a “1”, the latch is set,
when set to a “0”, the latch is reset.

The Block Protect (BPO and BP1) bits are nonvolatile
and allow the user to select one of four levels of protec-
tion. The X25020 is divided into four 512-bit segments.
One, two, or all four of the segments may be protected.
That is, the user may read the segments but will be
unable to alter (write) data within the selected segments.
The partitioning is controlled as illustrated below.

cycle. Status Register Bits Array Addresses
BP1 BPO Protected
0 0 None
0 1 $CO-$FF
1 0 $80-$FF
1 1 $00-$FF
3834 PGM T03
Table 1. Instruction Set
Instruction Name Instruction Format* Operation
WREN 0000 0110 Set the Write Enable Latch (Enable Write Operations)
WRDI 0000 0100 Reset the Write Enable Latch (Disable Write Operations)
RDSR 0000 0101 Read Status Register
WRSR 0000 0001 Write Status Register
READ 0000 0011 Read Data from Memory Array beginning at selected address
WRITE 0000 0010 Write Data to Memory Array beginning at Selected Address
(1 to 32 Bytes)

3834 PGM T04

*Instructions are shown MSB in leftmost position. Instructions are transferred MSB first.

2-113

PCI-1200 RLPM

B4 © National Instruments Corporation



© National Instruments Corporation

Appendix B

X25020

Xicor X25020 Data Sheet

Clock and Data Timing

Data input on the Sl line is latched on the rising edge of
SCK. Data is output on the SO line by the falling edge of
SCK.

Read Sequence

When reading from the E2PROM memory array, CS is
first pulled LOW to select the device. The 8-bit READ
instruction is transmitted to the X25020, followed by the
8-bit address. After the READ opcode and address are
sent, the data stored in the memory at the selected
address is shifted out on the SO line. The data stored
in memory at the next address can be read sequentially
by continuing to provide clock pulses. The address is
automatically incremented to the next higher address
after each byte of data is shifted out. When the highest
address is reached ($FF) the address counter rolls
over to address $00 allowing the read cycle to be
continued indefinitely. The read operation is termi-
nated by taking CS HIGH. Refer to the read E2PROM
array operation sequence illustrated in Figure 1.

To read the status register CS line is first pulled LOW
to select the device followed by the 8-bit RDSR instruc-
tion. After the read status register opcode is sent, the
contents of the status register are shifted out on the SO
line. Figure 2 illustrates the read status register se-
quence.

Write Sequence

Prior to any attempt to write data into the X25020 the
“write enable” latch must first be set by issuing the
WREN instruction (See Figure 3). CSiis first taken LOW,
then the WREN instruction is clocked into the X25020.
After all eight bits of the instruction are transmitted, CS
must then be taken HIGH. If the user continues the write
operation without taking CS HIGH after issuing the
WREN instruction, the write operation will be ignored.

To write data to the E2PROM memory array, the user
issues the WRITE instruction, followed by the address
and then the data to be written. This is minimally a thirty-
two clock operation. CS must go LOW and remain LOW
for the duration of the operation. The host may continue
to write up to 4 bytes of data to the X25020. The only
restriction is that the 4 bytes must reside on the same
page. If the address counter reaches the end of the page
and the clock continues, the counter will “roll over” to the
firstaddress of the page and overwrite any data that may
have been written.

For the write operation (byte or page write) to be
completed, CS can only be brought HIGH after bit 0 of
databyte Nisclockedin. Ifitis brought HIGH at any other
time the write operation will not be completed. Refer to
Figures 4 and 5 below for a detailed illustration of the
write sequences and time frames in which CS going
HIGH are valid.

To write to the status register, the WRSR instruction is
followed by the data to be written. Data bits 0, 1, 4, 5,6
and 7 must be “0”. Figure 6 illustrates this sequence.

While the write is in progress following a status register
or E2PROM write sequence, the status register may be
read to check the WIP bit. During this time the WIP bit will
be HIGH.

Hold Operation

The HOLD input should be HIGH (at V) under normal
operation. If a data transfer is to be interrupted HOLD
can be pulled LOW to suspend the transfer until it can be
resumed. The only restriction is the SCK input must be
LOW when HOLD isfirst pulled LOW and SCK must also
be LOW when HOLD is released.

The HOLD input may be tied HIGH either directly to V¢
or tied to V¢ through a resistor.

B
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Operational Notes
The X25020 powers-up in the following state:
¢ The device is in the low power standby state.

» A HIGH to LOW transition on CS is required to
enter an active state and receive an instruction.

* SO pin is high impedance.
¢ The “write enable” latch is reset.

Figure 1. Read E2PROM Array Operation Sequence

Data Protection

The following circuitry has been included to prevent
inadvertent writes:

* The “write enable” latch is reset upon power-up.

¢ A WREN instruction must be issued to set the “write
enable” latch.

* TS must come HIGH at the broper clock count in
order to start a write cycle.

=\

0o 1 2 3 4 5 6 7 8 9
SCK

- m)

10 1

INSTRUCTION BYTE ADDRESS
90000000

12 13 14 15 16 17 18 19 20 21 22

XX XXX XXX

SCK

-

HIGH IMPEDANCE

INSTRUCTION

HIGH IMPEDANCE Ve gy
s0 20000000
MSB
3834 FHD F04.1
Figure 2. Read Status Register Operation Sequence
&\ /
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

XXX XX XXX

DATAOUT

SO

00000000

msB 3834 ILL F13
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Figure 3. Write Enable Latch Sequence

s\ /T

0 1t 2 3 4 5 6 7

o —JUUIUUUUUL

o IO /\ A

HIGH IMPEDANCE
SO

3834 ILL FO5

Figure 4. Byte Write Operation Sequence

s\ /-

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

SCK

INSTRUCTION BYTE ADDRESS DATABYTE
o T 000010000.00000000

HIGH IMPEDANCE

SO

3834 FHD F14.1
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Figure 5. Page Write Operation Sequence

s\

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

SCK

INSTRUCTION BYTE ADDRESS DATABYTE 1
T 0/0,0/0010/00 00,0000 0.0,

s /-

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

SCK

DATABYTE 2 DATABYTE 3 DATABYTE 4
90000000 00000000 00000000

3834 FHD F07.1

2}

Figure 6. Write Status Register Operation Sequence

s\ /-

o 1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15

SCK

INSTRUCTION DATABYTE

HIGH IMPEDANCE

SO

3834 ILLF15.1
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ABSOLUTE MAXIMUM RATINGS*

Temperature under Bias................... —65°C to +135°C
Storage Temperature ........cccocveeeeene -65°C to +150°C
Voltage on any Pin with Respectto Vgs ......... —-1Vto+7V
D.C. Output Current ........coceeeceivininieciecneeeene 5mA
Lead Temperature

(Soldering, 10 seconds) ........ccccvvreevcrcenee 300°C

RECOMMENDED OPERATING CONDITIONS

*COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
This is a stress rating only and the functional operation of
the device at these or any other conditions above those
listed in the operational sections of this specification is
not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

Temp Min. Max. Supply Voltage Limits
Commercial 0°C +70°C X25020 5V +10%
Industrial -40°C +85°C X25020-3 3V to 5.5V
Military -55°C +125°C X25020-2.7 2.7V to 5.5V

3834 PGM T05.1 3834 PGM T06.1
D.C. OPERATING CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.)
Limits
Symbol Parameter Min. Max. Units Test Conditions
Icc Ve Supply Current (Active) 3 mA SCK=Vge x 0.1V x 0.9 @ 1MHz,
SO =Open
IsB Ve Supply Current 150 pA CS=Vce, VN = Vss or Voe - 0.3V
(Standby)
I Input Leakage Current 10 pHA VIN =Vssto Voo
Lo Output Leakage Current 10 pA VouTt = Vss to Veo
ViL(" {Input LOW Voltage —1 Veex 03| VvV
V(M [Input HIGH Voltage Veex0.7[Voc+05| Vv
VoL Output LOW Voltage 0.4 \ loL=2mA
VoH |Output HIGH Voltage Vcc—0.8 \ loH=-1mA
3834 PGM T07.3
POWER-UP TIMING
Symbol Parameter Min. Max. Units
tpUHT?) Power-up to Read Operation 1 ms
tpuw® Power-up to Write Operation 5 ms
3834 PGM T08
CAPACITANCE Tp=+25°C, f = 1MHz, Vcc = 5V.
Symbol Test Max. Units Conditions
Cout® Output Capacitance (SO) 8 pF VouT = 0V
CiN® Input Capacitance (SCK, SI, CS, WP, HOLD) 6 pF ViN =0V
3834 PGM T09.1
Notes: (1) V;_min. and V), max. are for reference only and are not tested.
(2) This parameter is periodically sampled and not 100% tested.
2-118
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EQUIVALENT A.C. LOAD CIRCUIT AT 5V Vg

A.C. TEST CONDITIONS

sV Input Pulse Levels Vcex0.1toVeex0.9
Input Rise and Fall Times 10ns
%;.1 6KQ Inputand Output Timing Level Vcex0.5
3834 PGM T10
OUTPUT l
3.07KQ I1OOpF
3834 FHD F12.1
A.C. CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified)
Data Input Timing
Symbol Parameter Min. Max. Units
fsck Clock Frequency 0 1 MHz
tcyc Cycle Time 1000 ns
tLEAD CS Lead Time 500 ns
tLAG CS Lag Time 500 ns
twH Clock HIGH Time 400 ns
twL Clock LOW Time 400 ns
tsu Data Setup Time 100 ns
tH Data Hold Time 100 ns
tRI Data In Rise Time 2 us
tFl Data In Fall Time 2 us
tHD HOLD Setup Time 200 ns
tcp HOLD Hold Time 200 ns
tcs CS Deselect Time 500 ns
twc®) Write Cycle Time 10 ms
3834 PGM T11.2
Data Output Timing
Symbol Parameter Min. Max. Units

fsck Clock Frequency 0 1 MHz
tpis Output Disable Time 500 ns
ty Output Valid from Clock LOW 360 ns
tHO Output Hold Time 0 ns
j(=Ye) Output Rise Time 300 ns
tFo Output Fall Time 300 ns
tLz HOLD HIGH to Output in Low Z 100 ns
tHz HOLD LOW to Output in High Z 100 ns

3834 PGM T12.1

Notes: (3) twc is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal
nonvolatile write cycle.

PCI-1200 RLPM
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Serial Output Timing

—

cs T /

tCYC—_'ﬂ twn — L_tLAG
SCK \ / \ f T / 1 / 1
ty to — twi > tois

so ——— wmssour X MSB-1 ou& X X Lssout L——

S &R Y

3834 FHD F09.1

Serial Input Timing

t

LEAD — Yiag

sox ——JW%L /_‘(

lSU g i tH

st YOOOXK msain XXX XXX LXXX ' XXX LsBiN XXXX

HIGH IMPEDANCE

SO
3834 FHD F10
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Hold Timing

HD tCD

[ tp
SCK

S0 X 5

sl XXX XXKX

=

oD \
3834 FHD F11
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady

May change Will change
ﬂ_ from LOW from LOW
to HIGH to HIGH
May change Will change
_“_ from HIGH from HIGH
to LOW to LOW
Don'’t Care: Changing:
:XXXX: Changes State Not
Allowed Known

N/A Center Line
Impedance

2-121

PCI-1200 RLPM B-12 © National Instruments Corporation



Appendix B Xicor X25020 Data Sheet

X25020

ORDERING INFORMATION
X25020 P T -V
Device ———— Vce Limits
Blank = 5V £10%
3=3Vto5.5V

27=27Vto5.5V

Temperature Range

Blank = Commercial = 0°C to +70°C
| = Industrial = —40°C to +85°C

M = Military = —-55°C to +125°C

Package

P = 8-Lead Plastic DIP
S =8-Lead SOIC

V = 8-Lead TSSOP

Part Mark Convention
X25020 X — Blank = 8-Lead SOIC
P = 8-Lead Plastic DIP
S = 8-Lead SOIC

Blank = 5V +10%, 0°C to +70°C

| = 5V £10%, —40°C to +85°C

D =3V to 5.5V, 0°C to +70°C

E =3V to 5.5V, —40°C to +85°C
F=2.7Vto 5.5V, 0°C to +70°C

G = 2.7V to 5.5V, —40°C to +85°C

LIMITED WARRANTY

Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification provisions appearing in its Terms of Sale only. Xicor, Inc. makes no warranty,
express, statutory, implied, or by description regarding the information set forth herein or regarding the freedom of the described devices from patent infringement.
Xicor, Inc. makes no warranty of merchantability or fitness for any purpose. Xicor, Inc. reserves the right to discontinue production and change specifications and
prices at any time and without notice.

Xicor, Inc. assumes no responsibility for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, licenses are
implied.

U.S. PATENTS

Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 4,314,265; 4,326,134; 4,393,481, 4,404,475,
4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829, 482; 4,874, 967; 4,883, 976. Foreign patents and
additional patents pending.

LIFE RELATED POLICY
In situations where semiconductor component failure may endanger life, system designers using this product should design the system with appropriate error
detection and correction, redundancy and back-up features to prevent such an occurence.

Xicor's products are not authorized for use in critical components in life support devices or systems.

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected to result in a significant
injury to the user.

2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or effectiveness.

2-122
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Appendix C
OKI MSMS82C53 Data Sheet*

This appendix contains the manufacturer data sheet for the MSM82C53 CMOS programmable
interval timer manufactured by OKI Semiconductor, Inc. This counter/timer is used on the
PCI-1200.

* Copyright © OKI Semiconductor, Inc. Reprinted with permission of copyright owner.
All rights reserved.
OKI Semiconductor. Microprocessor Data Book 1990/1991.
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OKI semiconductor
MSM82C53-2RS/GS/JS

CMOS PROGRAMMABLE INTERVAL TIMER

GENERAL DESCRIPTION

The MSM82C53-2RS/GS/JS are programmable universal timers designed for use in microcomputer syste-.
'ms. Based on silicon gate CMOS technology, it requires a standby current of only 100A (max.} when the chip

is in the nonselected state. During timer operation, power ption is still very low with only 8 mA {max.)
at 8 MHz of current required.
The devi ist of three ind Jent counters, .and can count up to a maximum of 8 MHz (MSM82C53-2)

The timer features six different counter modes, and binary count/BCD count functions. Count values can be set
in byte or word units, and all functions are freely programmable.

FEATURES

® Maximum operating frequency of 8 MHz (MSM82C53-2) e Six modes avai for each

® High speed and low power consumption achieved ® Binary and decimal counting possible
through silicon gate CMOS technology. © 24 pin Plastic DIP (DIP24-P-600)

o Completely static operation #28 pin PLCC (QFJ28-P-S450)

® Three independent 16-bit d H @32 pin-V Plastic SOP (SSOP32-P-430-VK)

® 3V 1o 6V singie power supply

FUNCTIONAL BLOCK DIAGRAM

(= - o~
gt gE5 SEE
d 9 0 (-') QO 0o 0o

COUNTER COUNTER COUNTER

#0 # #2
H 1 i
S Iy
L
|
DATA READ/ CONTROL
BUS WRITE WORD

BUFFER LOGIC REGISTER

s
5
;
]

INTERNAL BUS

Ao
Ay
cs —

HH

vee —
GND—
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® |/0- MSM82C53-2RS/GS/JS &

PIN ‘CONFIGURATION

MSMB2C53-2RS (Top View) B [2]
24 pin Plastic DIP :

Do (8]

cuxo [g]
ouTo fig)

. oaTE0 1))

Gno i3]

NC

04

MSMB82C53-2GS (Top View) Ds
32 pin Plastic Small Outine Package o5
NC

ouTo
GATEO ’

GND ouT1
NC {NC denotes *‘not connected™) NC

.3 hosxo
SR52S5ER

MSM82C53-2JS. (Top View)

: oafls 25[Inc
28 pin Plastic Leaded Chip. Carrier O uhe
[:731 ¢ 238 a1
Diffs 22[J A0
poffe 21flcLk2
cukofjio 20flout2
NCfn 191] GATE2
S.EIRIE AR
BEgeEE®
g CR
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® 1/0-MSM82C53-2RS/GS/JS B

ABSOLUTE ‘MAXIMUM RATINGS

) Limits
Parameter Symbo! Conditions Unit
! 53.2RS I 2GS 53.2)S
Ssupply Voltage Vee —-0.51t0 +7 \Y
Input Voltage ViN - [Respect to GND| =0.610 Voo + 0.5 v
Output Voltage VouT -0.5t0 Voo + 0.5 \
Storage Temperature Tatg —55t0 +150 °C
Power Dissipation Pp Ta = 25°C 0.9 0.7 . 0.9 w
OPERATING RANGES
Parameter Symbo! Limits Conditions Unit
Supply Voltage Vee 3106 Vi =02V, Vi = Vge - 0.2V,
e v
g y 2.6 MH2
Operating Temperature Top 40 t0 +85 °c
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Min. Typ. Max, Unit
Supply Voltage Vee 4.5 5 55 Vv
Operating Temperature Top -40 +25 485 °c
“L* Input Voltage viL -0.3 +0.8 v
*H* Input Voitage ViH 2.2 Veg +0.3 \'
DC CHARACTERISTICS
Parameter Symbol Conditions Min. | Typ. | Max. Unit
*L" Output Voitage VoL {loL=4mA: : 0.45 v
loH = -1mA 37 v
“H" Output Voltage VoH
Input Leak Current e {0Sviy<vee V=45V 1056V | -10 10 A
Output Leak Current Lo | 95VoyT <Vee | Te=—40°C o +85°¢| ~10 10 BA
. 52 vee-0.2v :
Standby Supply Current | Iccs | Vina Voo -0.2v 100 BA
. Vi S0.2v
Operating Supply Current! toe  [to i = 12508 ¢ =0pF 8 mA
255
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AC CHARACTERISTICS
(Voo = 45V ~ 5.5V, Ta=-40 ~ +85°C)

OKI MSM82C53 Data Sheet

MSMB2C53-2
Parameter Symbol + Min. | Max.. | Unit Conditions

Address Set-up Time before reading TAR 30 ns C = 150pF
Address Hold Time after reading TRA 0 ns Read
Read Pulse Width TRR 150 ns | cvele
Read Recovery Time TRVR 200 ns

Address Set-up Time before writing TAW 0 ns

Address Hold Time after writing TWA 20 ns

Write Pulse Width TWW 1 150 ns Write
Data Input Set-up Time before writing | TDW 100 ns | cycle
Data Input Hotd Time after writing TWD 20 ns

Write Recovery time TRVW | 200 ns

Clock Cycle Time TCLK 125 D.C. ns

Clock “H" Pulse Width TPWH 60 ns

Clock *'L!" Pulse Width TPWL 60 ns Clock
“H" Gata Pulse Width Tew | 50 ns ;::’e
L. Gate Pulse Width TGL 50 ns timing
Gate Input Set-up Time before clock . | TGS 50 ns

Gate Input Hold Time after clock TGH 50 " ns

Output Delay Time after reading TRD 120 | ns

zus::; Floating Delay Time aftf TDF 5 % s

Output Delay Time atter gate TODG 120 | s | DOV
- Output Delay Time after.clock TOD 180 ns

Output Delay Time after address TAD 180 ns -

Note:  Timing measured at V| = 0.8V and Vi = 2.2V for both inputs and outputs.

TIME CHART
Write Timing
e 4
Ag~1,CS *
3 F,
ot TAW TWA
Dg~v X
R
, TOW TWD-
Wh TWW-
256 K
c-5
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®1/0- MSM82C53-2RS/GS/JS =
Resd Timing
o \ ¢ X
e X C
- A
e TAR-——a] TRA
RO
) D |- TOF fau—
TAD B : :
Do~7 - { VALID }—“
: HIGH IMPEDANCE o HIGH IMPEDANCE
Clock & Gate ﬂmim
cLK i
/ \
) TGS
GATE Fe—TGL = /[
Taw y
[==-TODG-»~ ja-TOD-»~} -
out )g )g
387

PCI-1200 RLPM
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= |/O-MSM82C53-2RS/GS/JS =

DESCRIPTION OF PIN FUNCTIONS

Pin Symbol Name Input/output Eunction

D7 ~ DO Bidirectionsl Input/outp Three-state 8-bit bidirectional data bus used when writing
data bus .controt words and  count vn_lg_n, and reading count values
upon reception of WR and RD signals from CPU.
cs Chip select Input Data transfer with the CPU is enabled when this pin is at low
input level. When at high level, the data bus (Dy thru D) is
switched to high nmp'dam: state whcrt neither writing nor
reading can be 3l regi h ,remain
unchanged.
RD Read input Input Data can be transferred from MSM82C53 to CPU when
: this pin is at low level.
WR Write input input Data can be transferred from CPU to MSM82C53 when
this pin is at low level,

AD, A1 Address input nput One of the three internal counters or the control word regis-
ter is sek d by AO/A1 L { These two pins are
normally connected to the two lower order bits of the
address bus.

CLKO~2 Clock input Input ‘Supply of three clock signals to the three counters incorpo-
rated in MSM82C53.

GATEO~2 Gate input input Control of starting, interruption, and restarting of counting
in the three respecti in J to the s=¢t con-
trof word contents.

OUTO~2 Counter output Output Output of counter autput waveform in accordance with the

set mode and count value.

SYSTEM INTERFACING

) ADDRESS BUS /)
At |ao 16 vits
) CONTROL BUS {

) : DATA BUS 7 /1 F4

" 8 bits
8 bits
2 a0
A1 A0 cs D7~0 RD R
82C53-2

COUNTER #0 COUNTER #1 COUNTER #2
T
OUT GATE CLK OUTGATE CLK OUT GATE CLK

||

258
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PCI-1200 RLPM

& 1/0-MSM82C53-2Rs/Gs/Je

DESCRIPTION OF BASIC OPERATIONS

Data transfers b the i gi and the | data bus is outlined in the following table,
CS | AD | WR | A1 | A0 Function
[4] 1 1] [+ ] Data bus to counter # 0 Writing
0 1 [+] 0 1 Data bus to counter # 1 Writing
[} 1 0 1 0 Data bus to counter # 2 Writing
0 1 1] 1 1 Data bus to control word register Writing
[} 0 1 ] 0 Data bus from counter # 0 Reading
0 0 1 0 1 Data bus from counter # 1-Reading
/] 1] 1 1 0 Data bus from counter # 2 Reading
0 ] 1 1 1
1 x X x x Data bus in high impedancs status
/] 1 1 x x

x denotes “not specified.’.

DESCRIPTION OF OPERATION

& Mode (M2, M1, MO):  Operation waveform mode

setting
82C53 functions are selected by a control word M1 Sat Contents
from the CPU. In the required program the M2 Mo — -
. | word ing is foll d by the count value 0| 0| 0 [ ModeO (interrupt on Terminai Count)
setting and execution of the desired timer operation. 0101 | Mode1 {Programmable One-Shoti
Control Word and Count Value Program x| 1| 0 | Mode 2 (Rate Generator}
Each counter operation mode is set by control x | 1| 1 | Mode 3 {Square Wave Generator}
Yvord programming. The control word format is out- 1] 0| 0 | Mode 4 (Software Triggsred Strabs}
fined below. \
1] 0] 1 {ModeS {t Triggared Strobe)
D7 D§ D5 D4 D3 D2 D1 DO
Isci|sco|Ruifrio| m2 [ M1 mo]Bcp] | = xdenotes “not specified”,
i | 8 ) | i J
Select Read/Load Mode 8CD
Counter . e BCD: Operation count mode setting
(CS=0, A0,A1=1,1, RD=1, WR =0) BCD Sat Contents
o Select Counter (SCO, SC1): Selection of set counter 0 Binary ‘Count {16-bits Binaryj
SCt SCO Set Contents 1 BCD Count {4-decades Binary Coded
Deci
[ 0 Counter # O selection ecimal)
0 1 Counter # 1 selection
1 0 Counter # 2 selection After setting Read/Load, Mode, and BCD in sach
" a3 outlined above, next set the desired count
1 ! lilegal combinstion value. {In some Modes, is started | 1

® Read/Losd (RL1, RLO}: Count vaiue Reading/
Loeading format setting

after- the count value has been written), This count

value setting must conform with the Read/Load format
set in advance. Note that the intérnal counters are
reset to OOOOH during control word setting. The
counter value {(0OOOH) can.t be read.

If the two bytes (L SB and MSB) are written at this
stage {RLO and RL1 = 1,1), take note of ths following

RL1 | RLO Set Contents

) 0 | Counter Latch operation

0 1 Reading/L.oading of Least Significant
tiyte (LSB)

y ° Reading/Loading of Most Significant
byte (MSB)
Reading/Loading of LS8 foliowed by

YU [ mse

Although the count values may be set in the three

in any after . the i word has

been set in each counter, count valuss must be set
consacutively in the LSB — MSB order in any one

N
<)
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o Exampls of control word and count value setting 1 byte Read/Load.... When the new count

Counter #0: Read/Load LSB only, Mode 3,
Binary count, count value 3H

Counter # 1: Read/Load MSB only, Mode 5,
Binary count, count value AAOOH

Counter # 2: Read/Losd LSB and MSB, Mode 0,
BCD count, count value 1234

volue is written, counting is stopped
immediately, and then restarted at
the new count value by the next
clock.

2byte Read/Load.... When byte 1 (LSB) of
the new count vslue is written,
counting is stopped immediately.
Counting is restarted at the

gl‘;.:_:;EH] Counter #0 control word sstting count value when byte 2 {MSB) is
MV A, BAH . written,
oUT n3 ] Counter #1 control word setting

Mods 1 (programmable one-shot)

gl‘;.:.?,émﬂ] Counter #2 control word setting The counter output is switched to “H" level by the
MVI A, 03H mode setting. Note that in this mode, counting is
ouT nb ] Counter #0 count value setting not started if only the count value is written. Sinca
MV A, AAH . counting has to be started in this mode by using
OUT n ] Counter #1 count value setting the leading edge of the gate input as a trigger, the
MVI A, 34H counter output is switched to “L" level by the next
ouT "'2 Counter #2 count value sstting clock after the gate input trigger. This “L" level
MVI A, 12H | (LSB then MSB) status is maintained during the set count value, and
ouT "'2 is switched back to “H” level when the terminat
count is reached.

Note: n0: Counter #0 address Once counting has been started, thers is no inter-
n1: Counter #1 address ruption until the terminal count is reached, even if
n2: Counter #2 address the gate input is switched to "“L" leve! in the mean-
n3: Control word register address time. And aithough i inues even if a

new count value is written during the counting,
® The minimum snd maximum count values which can counting is started at the new count value if ancther
be counted in each mode are listed below. trigger is applied by the gate input.
- o Mode 2 {rate generator)
Mods | Min. | Max, Remarks The counter output is switched to “H" level by the
0 executes 10000H count mode setting. When the gate input is at “H’’ level,
o ' 0 {ditto in other modes) counting is started by the next clock after the
value has been written. And if the gate input is at
1 L o “L" level, counting is started by using the rising
2 2 (4] 1 cannot be counted edge of the gate input as a trigger after the count
3 2 1 1 executes 10001H count value has beon set.
An “L" level output pulse appears at the counter
4 1 0 output during a single clock duration once every
5 1 1] n clock inputs where n is the set count vaiue, !f =
new count value is written during while counting
is- in progress, counting is started at the new count
value following output of the pulse cusrently bsing
counted. And if the pate input is switched to “L"
Mode Definition tevel during counting, the counter output is forced
o Mode O {terminal count) to switch to “H" level, the counting being restarted
The counter output is set to “L" level by the mode by the rising edge of the gate input.
setting. If the count value is then written in the
counter ‘with the gate input at “H™ level (that is, o Mods 3 isq form rate g )
upon completion of writing the MSB when. there are The counter output is switched to “H" level hy the
two bytes), the clock input counting is started. mode setting. Counting is started in the same way as
When the terminal count is reached, the output is described for mode 2 above.
switched to “H'* ievel and is maintained in this The repeated square wave output appearing st the
status until the control word and count value are set output ins half the of counts
again. as the set count value. If the set count value {n) is
Counting is interrupted if the gate input is switched an odd number, the repeated square wave ouiput
to “L" level, and restarted when switched back to consists of only (n+ 1)/2 clock inputs at *“H"" level
“H” level. and {n - 1}/2 clock inputs at “’L" level.
When Count Values are written during counting, If a new count value is- written during counting, the
the operation is as follows: neéw: count value is reflected immediately after the
260
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change {“H" to “L” or “L” to “H") in the next
counter output to be executed. The counting opera-
tion at the gate input is done the same as in mode 2.

o Mode 4 (softwars trigger strobe)

The counter output is switched to “H*’ level by the
mode setting, Counting is started in the same way
as described for mode 0. A single “L" pulse equiva-
ient to one clock width is generated at the counter
output when the terminal count is reached.

This mode differs from 2 in that the “L" level out-
put appears one clock earlier in mode 2, and that
pulses are not repeated in mode 4. Counting is

2 {/0-MSM82C53-2RS/GS/JS »

stopped when the gate input is switched to “L”
level, and resterted from the set count value when
switched back to “H" level.

Mode 5 (hardware trigger strobe)

The counter output is switched to “H'’ level by the
mode setting. . Counting is started, and the gate input
used, in the same way as in mode 1.

The counter output is identicel to the mode 4 out-
put.

The various roles of the gate input signals in the
above modes are summarized in the following table.

Mode Gate L' Level Falling Edge Rising Edge “H*" Level
] Counting not possible Counting possible
1 (1)  Start of counting
(2) Retriggering
{1} Counting not possible . . c - "
2 {2) Counter output forced to “H” level Start of - he
{1} Counting not possible . -
3 {2} Counter output forced to “H* level Start of by ¢ '
4 Counting not possible Counting possible
5 {1) Start of counting
{2) Retriggering
‘Mode 0
- — )
WR l("-‘)‘ l l(n-Z)’
f 3 2 1 1] 2 1 0
OUT (GATE =“H’) | I | I
- i
[ WR (n=4) | 1
1
GATE I l |
E 4 4 4 & 3 .2 1 0
L ouT ! | EA——
Mode 1
WR (n=4) l |
GATE ’
4 3 1 o
| our 1 |
[ GATE ¥ ] [ |
4 3 4 3 2 1 0
| outth-al l I~
261
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¥ [/0-MSM82C53-2RS/GS/JS =

WR T te=a [ Lte=2 T
4 3 2 1 4 3 2 1 2
OUT (GATE = ‘H’} 1 ) 1 J | |
GATE f 1 § -
’ 4 3 2 1 4 4 3
OUT (n=4) | | | S
Mode 3

[ wh Lin-a §
4

OUT (GATE = 'H')

OUT (n=5) '

GATE
5 4 2 5 2 5 4 2 5

wROTL_
4 3 2 1 o

‘OUT (GATE = ‘H’)

[ GATE _'—]___J

ouT

GATE f
4 3 2 1 0
OUT (n=4) |
GATE 1 ¥ |
4 3 2 1 4 3 2 1 o
OUT (n=4] L

Note: “n’ is the value set in the counter,
Figures in-thess diagrams refer to.counter values.

262
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Reading of Counter Values

All  82€83 i is d H the
counting being in steps of 2 in mode 3. Counter values
can be read ‘during gty (1) direct reading, and
{2) counter latching {*’read on ths fly*),

& Direct reading

Counter values can be read by direct reading opsra-

tions.

Since- the counter value read according to the timing

of the RD and CLK ‘signals is not guaranteed, it is
¥ 10 stop the by a gate input signal,

or to interrupt the clock input temporsrily by an

external_circuit to ensure thst the counter value is

correctly read. .

@ Counter latching

in.this hod, the value is hed by
writing 8 tatch d, thersby enabling
a stable velue to be read without effecting the
counting in any way at all. An example of a counter
latching program is given below.
Counter hi d for
Load 2-byte setting)

#1 (Read/

MVIA 0100xxxXx
Denotes counter latching . -

OouT n3 Write in coritrol word address
(r3)
The counter value at this point
is latched :
iN nt Reading of the LSB of the
counter value latched from
counter #1. -
nl: Counter #1 address
Mov 8.4 Resding of MSB from counter
MOV C, A .

= 1/0-MSM82C53-2RS/GS/JS ®

Example of Practicst Appl

» -82C53 used a3 a-32-bit counter.

82C53-2

O———CLKO ouTop——0
—jCLK1 out1p———0

CLK2 ouT2 ——‘
|

od

Use counter #1 and counter #2
“Counter #1: mode 0, upper order 16-bit counter

_value
Counter #2: mode 2, lower order 18-bit countsr
value
This setting ! ing'up t0 a i of 221,
283
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Appendix D
OKI MSMS82C55A Data Sheet*

This appendix contains the manufacturer data sheet for the MSM82C55A CMOS programmable
peripheral interface manufactured by OKI Semiconductor, Inc. This interface is used on the
PCI-1200.

* Copyright © OKI Semiconductor, Inc. Reprinted with permission of copyright owner.
All rights reserved.
OKI Semiconductor. Microprocessor Data Book 1990/1991.
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OKI semiconductor
MSM82C55A-2RS/GS/VJS

CMOS PROGRAMMABLE PERIPHERAL INTERFACE

GENERAL DESCRIPTION

The MSM82C55A is a programmable universal 1/0 interface device which operates as high speed and on
low power consumption due to 3 u silicon gate CMOS technology. It is the best fit as.an |/O port in a system
which employs the 8-bit paraliel processing MSM80C85A CPU. This device has 24-bit I/0 pins equivalent to three
8-bit 1/O ports and ali inputs/outputs are TTL interface compatible.

FEATURES
@ High spesd and low power consumption.due to 3'u ® Bit set/reset function (Port C}
silicon gate CMOS technology o TTL compatible
® 3V to 6 V single power supply & Compatible with 8255A-5
o Full static operstion #40 pin Plastic DIP {DIP40-P-800)
® Programmable 24.bit 1/O ports #44 pin PLCC (QFJ44-P-S650)
o Bidirectional bus operation (Port A} ®44 pin-V Plastic QFP {QFP44-P-910-VK)

® 44 pin-VI Plastic QFP {QFP44-P-910-VIK)

CIRCUIT CONFIGURATION

Vee - 7
A 8
GND L If> PAg ~PA4
8
IGROUP Al
CON-
1 TROL
— 4
g [ > PC4 ~ PCy
-
8 8
DATA A -
Do ~ Dy BUS o
BUFFER|\ 13 .
2
[ 4
w [ PCo ~PCy
z 4
RO GROUP B
_ READ/
" YCon. 8
RESET TROL f
LoGIE / '> PBo ~ PBy
cs Y
Ao
Ay

278
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PIN CONFIGURATION

% |/0-MSM82C55A-2RS/GS/vJS &

PA3 “PAy
MSMB82C55A-2RS.{Top View) PA; 9 PAs -
40 pin Plastic DIP PA; B pa,
PAo PA,
AD WR
& RESET
GND Do
Ay | Dy
Ao D,
PCo Dy
PC¢ Ds
PCy -0
PCy ) Ds
PCy D,
PCy 3 Vee
PC, PBy
YR 4] “w e - PC3 PBg
RIFSESIFILE PBo ) ra
PBy 3 PBy
T
b 44 43 42 41 40 39 38 37 36 3534
(=« 1 33———) RESET
GND 2 O 200
At 3 Np—0;
Ao 4 V=D, MSMB2C55A-2GS
PCy C 5 2F——20, 44 pin Plastic Quad Flat Package
PCs 6 28— 0,
PCs € 7 273 g
PCy 8 26 =
PCo f—} 9 25
pc, 110 24
Pcy o1 23
1213141516 171819 20 2122
- © % o
§§§2§§2§2§§ |BlRESET
MSM32CS5A-2VJS (Top View)
44 pin Plastic Leaded Chip Carrier

© National Instruments Corporation
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol Conditions T Unit
Ssupply Voltage Vee. | Ta = 25°C -05t0 +7
with -
nput Voltage VIN respect =051t Vge + 0.5 v
Qutput Voltage Vout | to.GND . =0:510 Voo +:0.5 \'
Storage Temperature | Tero - . =551+ 150 °C
Power Dissipation Pp Ta = 26°C 1.0 0.7 1.0 w
OPERATING RANGE
Parameter Symbol Limits Unit
Supply Voltage vece 3t06 v
Operating Temperature Top -40t0 85 °c
RECOMMENDED OPERATING RANGE
Psramater . Symbot Min, Typ. Max. Unit
Supply Voltage vee 45 5 - 55 .V
Operating Temiperature Tor 40 +26 +85 °c
L' Input Voltsge ViL 10,3 +0.8 v
“H" Input Voitage Vin 22 Voo #0.3 v
DC CHARACTERISTICS
MSMB2C55A-2 - | -
Parameter Symbol Conditions b Unit;
Min. [Typ. | Max.
“L"Output Voltage | VoL | lop = 2.5mA 04
IO = ~“40uA 42 v
*H* Qutput Voltage VoH OH ™ -1k E . g
: . Lo = -25mA ; 3.7 v
— 4 Vge'=45V to
input Leak Current - 11y | 0< VNS Ve 55V -1 1.} uA
Output Leak Current L1 g | 0<Vouyr<vgc | Ta i -40°Cto | -10 10 | puA
- == +85°C
CS2 Vce -0.2V. = :
fs‘:::;‘l’,c)“"e"‘ tces | Vinz Vog -oav | 16L= 0P 010 | A
4 ! viLso2v :
Average Supply HOwiscyele
Current {active) | tee lscssan. swsers Yiting 8 | mA
<
280
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AC CHARACTERISTICS
(Vg =450 65V, Ta= -40 10 +80°C)

¢ (MSMB2CS5A-2 L
Parameter Symbot win. T mae. | Unit |Remarks
Setup Time of address to the falling edge of RD AR 20 ns
Hold Time of address 1o the rising edge of RD . - RA 0 ns
RD Pulse Width o /A 100 ns
Delay Time from the falling edge of RD to the & 120
output of defined data AD s
Delay Time from the rising edge of RD to the
floating of data buis’ toF 101 75 | ns
Time from the rising edge of RD or WR to the next | 200
falling edge of AD or WR RV ns
Setup Time of address before the falling edge of WR | taw 0 ) ns
Hold Time of address after the rising edge or WR WA 20 ns
WR Pulse Width ww ] 150 ns
Setup Time of bus data before the rising edge of WR | tpw 50 ns
Holt Time of bus data after the rising edge of WR WD 30 Lp ons
Delay Time from the rising edge of WR to the
output of defined data we 200 |
Sﬁeﬁtup Time of port data before the falling edge of 4R 20 g s
Hold Time of port data after the rising edge of AD | tym | 10 | ns
ACK Pulse Width tAK 100 ns
STB Pulse Width gy | 100 ns. | Load
ime i ¢ 150pF
i g;_%:p Time of port data before the rising edge of tpg 20 s [
Hold Time of port data after the rising edge of STB PH 50 ns
Delay Time from the failing edge of ACK to the
output of defined data tAD 150, | s
Delay Time from the rising edge of ACK to the
fioating of port (Port A in mode 2) Ko 2 250 ns
Delay Time from the rising edge of WR to the falling :
edge of OBF v .| wos 150 |- ns
Detay Time from the failing edge of ACK to the . 1
visingedgs of OBF taos 180
Delay Time from the falling edge of STB to the
rising edge of 1BF ' 518 150 1 ns
Delay Time from the rising edge:of RD to the falling
edge of IBF ) . tRIB 150 ns
Delay Time from the falling edge of RD to-the
falling edge of INTR RIT 200 | ns
Delay Time from the rising edge of STB to the
rising edge of INTR ; ST 180 | ns
Detay Time from the rising edge of ACK to the ’
vising edge of INTR. A 150 | ns
Delay Time from the faiting edge of WR to the
falling edge of INTR it 250 | ns

Note: Timing is measured at V| =08V and Vi = 2.2V for both input and-outputs.

&
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® 1/0-MSM82C55A-2RS/GS/VJS -

Basic Input Operation {(Mode 0)

e tRR e ]

RD N 4
s t1 R o] HR
Port input ) (
_ a1 A R fen—t R A —am!
CS. AL Ay X X
D7~Dp mm e ———— -( ' )L P ——
'ﬂD tDF:
Basic Output Operstion (Mode 0}
— o W =
WA ) s
—_,-tpw—-‘gqﬂ)q
0y ~06 ; D, G §
_ "‘_‘—tAW‘—-‘ ‘—‘—I—'WA——-—I
T5.A1. Ap >( - D ¢
M |
Port output )
Strobe Input Operstion {Mode 1)
i———-ts'f———
578 \ 4
iBF tsip
—_— A tsiT
. ! l——tRIB—
INTR ’ 'BIT 1
o \ : :[_——
RD 1 tPH
Portinput et 0000 | e v e
‘ra

282
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# /0-MSM82C55A-2RS/GS/VJS N

Strobe Output Operation (Mode 1)

[=-——tA0B

wos

\
B

z
i
\

-“—\&E——‘G—tAn’——J

Port output

Bidirections! Bus Operation (Mode 2)

l-__ts-r—.-
sTe 4
S8 t
iBF aD tkD
'ns -y el -
[ N R P —— >_..._..<‘ P——— e ——

tPH ; tRI8
RD '

283
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.OUTPUT CHARACTERISTICS (REFERENCE VALUE)
1 Output “H* Voltage (VoH) vs. Output Cirrent (1gh) ‘

Output “H" vohiags Vo (V) .-

" 5 R ‘ e -
4 - Ts ='~'40~ss°~c :
Voo =50V
3 = 1
v 24
14
o4 |
s L SNBTL
B R S R e}

- Output current IoH (mA)

2 Output “L" Voltape (VoL ) v. Output Current (11}

Output “L** voitege Vo (V)

59
A
3 c
21 “ Ve = SOV
,_ L Ta= -40~85°C
ot -

[} 1 2.3 & °.s

Output current Ig| (mA)

Nots: The direction of ﬂowibg into the device is taken.as positive for tha output current.

284
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FUNCTIONAL DESCRIPTION OF PIN

-Pin No. Item Input/Output Function
D7~ D0 Bidirectiona! | Input and These are three-state 8-bit bidirectional buses used to write and
data bus output read data upon receipt of the WR and RD signals from CPUand
also used when control words and bit set/resst dats ara trans-
ferred from CPU to MSM82C55A.
RESET Reset input Input This signal is used to resst the control register and ali internal
’ registers when it is in high level. . At this time, ports are all made
into the input-mode {high impedancs status).
all port.latches are clearad to O. and all ports groups are set to mode O.|
[ Chip sefect Input When the CS is in low level, data transmission is enabled with

input CPU. When it is in high leve), the dsta bus is made into the high
impedance status where no write nor read operation is performed.
internal registers hold their previous status, however.

RD Read input Input When RD is in low level, data is transferred from MSM82C56A
to CPU. :

WR Write input Input When WR is in low level, dats or control words are transferred
from CPU to MSMB2C55A,

A0, A1 Port select input By combination of AQ and At, either one is selected from among

input port A, port B, port C, and control register. These pins are usually

(address) connected to jow order 2 bits.of the address bus.
PA7 ~PAO | Port A Input and These are universal 8-bit 170 ports. 'Tho direction of inputs/out-
output puts can be determined by writing 8 control word. Especisily,
port A can be used as a bidirectional port when it is set to mode 2.
PB? ~PBO | Port8 input and These are universat 8-bit 1/0 pdm. The dirsction of inputs/out-
output puts can be d d by writing 8 1 word,
PC7~PCO | PortC Input and Thess are universal 8-bit 1/0 ports. The dirsction of inputs/out-
output _ puts ¢an be determined by writing a control word as 2 ports
with 4 bits each. When port A or port B is-used in mode 1 or
mode 2 (port A only), they become control pins. Especially
when port C is used as an output port, each bit can be set/reset
independently.
Vee ' +5 V power supply.
GND X GND
BASIC FUNCTIONAL DESCRIPTION When used in-mode 1 or maode 2, however, port C

Group Aend Group B
When setting & mode to a port having 24 bits, set
it by dividing it into two groups of 12 bits sach.
Group A: Port A (8 bits) and high order 4 bits
of port C {PC7 ~ PC4)
Group B: Port B (8 bits} and low order 4 bits of
port C (PC3 ~ PCO)

Mode 0, 1,2
There are 3 types.of modes to be set by grouping
as follows:

Mode 0:  Basic input operstion/output operation
{Available for both groups A and B)
Mode 1:  Strobe input operstion/output opera-
tion
{Available for both groups A and B)
Mode 2:  Bidiréctionsl bus operation

{Available for group A only)

© National Instruments Corporation

has bits to be defined as ports for control signal for
operation-ports (port. A for group A and port B for
group B) of their respective groups.

PortA,B,C
The internal structure of 3 ports is as follows:

Port A:  One 8-bit data output latch/buffer snd
one 8-bit data input latch

Port B: One 8-bit data input/output lstch/buf-
fer and one 8-bit data input buffer

Port C: One 8-bit data output latch/buffer and

one 8bit data input buffer (no latch
for input)

Single bit set/reset function for port C
When port C is defined as an output port, it is pos-
sible to set (to turn to high level) or reset {to turn to
low level) any one of 8 bits individually without affect-
ing other bits.

285

D-9

PCI-1200 RLPM



OKI MSM82C55A Data Sheet

PCI-1200 RLPM

Appendix D

# 1/0-MSM82C55A-2RS/GS/VJS B

OPERATIONAL DESCRIPTION

Control Logic
Operati by and } signals, 8.9., read snd write, etc. aré as shown in the tabls below:
Operation Al | a0 [ G5 |waA | @D Operstion
[ 0 0 1 [} Port A -Dats Bus
input [ 1 ] 1 0 Port B - Data Bus
1 0 0 1 0 Port C - Data Bus
o [} 1] 0 1 Data Bus -»Port A
Output 0 1 [} 0 1 Dats Bus ->Port B
1 oo o0 |1 Deta Bus »Port C
Control 1 |1r ool Data Bus -»Control. Register
1|1 ]0o]1]o “Hltegal Condition
Others x | x 1 x x Data bus is in the high impedance status.
Setting of Control Word :
The control register is composed of 7-bit latch circuit and 1-bi flag as shown below.
Group A Control Bits Group B Control Bits
Dy D¢ Dg [ % D3 Dy Dy 22
. |-—> Definition of input/ -
output of low order ? - ﬁ‘mptut
4 bits of port C. pu
bt~ Dfinition of input/
0 = Output
output of 8bits of -
port B 1 = Input
b= Modie definition 0 = Mode 0
of group B 1 = Mode 1
f f input/ -
output of high order 1= g:"’“'
4bitsofportC: put
> Definition of Input/ -
output of 8bitsof . {$ = 3:"’:"
port A Inpu
“Mode defini of group A
Control word identification flag Dg | Ds Mode
Be sure to set 1 for the control
word to define 8 mode and input/ 010 | ModeO
output. 0|1 | Modet
{When set to O, it becomes the
contral word for bit sat/resst.) V% | Mode2
P ion for mode L Bit Set/Reset Function

The output registers for ports A and C are cleared
to ¢ esch time data is written in the command register
and the mode is changed, but the port B state is un-
defined.

286

When port C is defined as output port, it is possible
to s#t (set output.to 1} or reset (set output to 0) any
one of B bits without: affecting. other bits as shown

/next page.

D-10

© National Instruments Corporation



Appendix D OKI MSM82C55A Data Sheet
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1] D¢ | Ds Da D3 | Dg Dy | Do

L Definition of set/reset Q= Resat
for a desired bit 1= Set
S i
bDic‘ﬂmtiorL of PonC |D3 1D, D,
1o be set or PCq . 0j0}0
. reset PC, Jo o]
Don't Care PCy oj11]0
PCy Jo i1 |1
L~———e= Control word identification flag I pcs Tlclo
Be sure to set to O for bit set/
raset. . PCq tl1ot1
(When set to 1, it becomes the PCq 11110
control word to dafine a mode . PCy T ENE
and input/output.)
Interrupt Controt Function Operations! Description by Mode
When the MSMB2CE5A is used in mode 1 or 1. Mode O (Basic input/output operation)
mode 2, the interrupt signal for the CPU is provided. Mode O makes the MSMB82C55A operate as a bas-
The interrupt request signal is output from port C. V’{heﬂ ic input port or output port. No control signals such
the internal flip-flop INTE is set befarehand at this nme., as interrupt request, etc. are required in this mode.
the desired interrupt request signal is output. When it All 24 bits'can be used as two-8-bit ports and two
is reset beforehand, h r, the interrupt reqf sig- 4-bit ports. Sixteen combinations are then possible
nal is not output. The set/reset of the internal flip-flop for inputs/outputs. The inputs aré not latched, but
is made by the bit set/reset operation for port C virtuatly. the outputs are.
Bit set ~> INTE is set = Interrupt allowed
Bit reset = INTE is reset > interrupt inhibited
Control Word Group A Group B
Type “Thi " "
igh Order 4 Bits Low Order 4 Bits
D4 | D¢} Ds | Ds D;’ D3| D10 Port A of Port C Port8 of Port G
1 t1lolojojof0oj0|0O Output Qutput Output Output
2 1j{olofolojo}o0]1 Output Output Output input
3: 1100|0010} 1|0 Output Output input Output
4 110flo0jo0}0 0] 1|1 Output Output input input
5 1/]0l0|0|1]O0}0}O Output input Qutput Output.
-] 1{ojfoiot1|0]|0O 1 Output Input Output input
7 [+{ojofo|1]o}1[0o] outpu ~Input Input Cuiput
8 l1]ololo|1]o]1]|1] oumpu © tnput Input Input
9 1/0/lo0o|1{0]|0]|0][0 input Output Output Cutput
10 1t0i0j1l0]|0]|0] 1 Input Output * Qutput Input
11, 1{jolof1]|]0jfO0| 1 |O input Output Input 1 Oytput
172 1{o0lo]j1]o0]0o1in tnput Output foput fnput
13 10101 1]0[014{0 Input Input Output
14 110101} 1 1 10 [0 ] 1nput Input Qutput Input
15 tjolol1|{rjoltrijo Input input input Output
16 1 olo]|1 1 01 1 Input Input Input input

Note: When used in mode O for both groups A and 8

287
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2. ‘Mode 1 {Strobe input/output operation}

In mode 1, the strabe, interrupt and other control
signals are used when input/output operations are
made from a specified port. This mode is available
for both groups A and B. in group A at this time,
port A is used as the data line and port C as the con-
trol signal.

Foliowing is a descrption of the input operation in

mode 1.

STB (Strobe input) .

o When this signal is low level, the data output
from terminat to port is fetched into the internat
latch of the port. This can be madeindependent
from the CPU, and the data is not output to the
data bus until the RD signal arrives from the
CPU.

1BF {input buffer full fiag output)

@ This is the response signal for the STB. This
signal when turnsd to- high lsvel indicates that
data is fetched into the input latch. This signal
tums to high level at the falling edge of STB and
to low level at the rising edge of RD.

INTR (Interrupt request output)

® This is the interrupt request signal for the CPU

of the data fetched into the input latch. Itig in- .

dicated by high level only when the internal INTE
flip-fiop is set. This signal tums to high fevel at
the rising edge of the STB (IBF = 1 at this time)

Mode 1 Input

and low level at the falling edge of the RD when
the INTE is set.

INTEp of group A is set when the bit for PC4 is

~ sat, while INTEg of group B is set when the bit

for PC, is set.
Following is a description of the output opera-
tion of mode 1.

OBF (Output butfer full flag output)

This signal when turned to low level indicates
that data is written to the specified port upon
receipt of the WR signial from the CPU. This sig-
nal turns to low level at the rising edge of the
WR and high level at the falling edge of the ACK.

ACK (Acknowledge input)

This signal when turned to low level indicates
that the terminal has received data.

INTR (Interrupt request output)

This is the signal used to interrupt the CPU when
2 terminal recelves data from the CPU via the
MSMB82C55A-5. It indicates the occurrence of
the interrupt in high leve! only when the inter-
nal INTE flip-flop is set. This signal tumns to high
level at the rising edge of the ACK (OBF = 1 at
this time) and low level at the falling edge of WR
when the INTEg is set.

INTE 5 of group A is sat when the bit for PCg
is sat, while INTEg of group B is sst when the
bit for PC, is set.

(Group Al

PAy
— 2
=INTEA= PA,
——

PC4 |= STBA

PCs |= IBFp

{Group B)

PB -
T A
|INTEa= PBg
| WU}

PC, = STBg

| PCy |- 1BFg

RD PCo = INTRp

Note: Although belonging to group B, PC; operates

as the control signal of group A functionally.

Mode 1 output
(Group A}
d 8

PA4y

r“"'} !

ilNTEM PA,

| Sp—
PCqy = OBFp
PC¢ | ACKp

WR e
PC3 [ INTRp
{Group B)
8
- PB,

r

| INTEg; PBo

b
PC; }= OBFg
PC, = ACKg

WR —=

PCo | INTRg

288
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Combination. of .
Input/Output Group A: Input Group A: Input Group A: Output Group A: Output
Port C Group B: Input Group 8: Output Group B: Input Group B: Output
PCo INTRg INTRB INTRg INTRg
vC, 1BFg OBFg " iBFp ObFg
PC, §T8g ACKp §T8g ACKg
PCs INTRA CINTRp INTRA INTRA
PCq §TBA - §T84 10 1/0
PCs 1BF p 1BEA 1o 1o~
PCq Ho 1o ACK A - ACKaA .
PC, 110 10 0BF 5 OBF4-

Note: 1/0 is-a bit not used as the control signal, but it is available as a port.of mode 0.

Examples of the relstion -batween .the - control words and pins when used in mode 1 is shown below:
{8) When group A is mode 1-output and group B is mode 1 input.

D¢ Dg

Dy Dy Dy Dy

Do

Control word 1

1/0 1 1

X

Selection of 1/0
of PC4.and PCg
when not defined
as a control pin;

{1 = Input
0 = Qutput

8
= aand

ad WA
fo— ACKA
- INTRA
f— /0
L5

fo— S_TEB
L 1BFg
|- INTRp

PAg~PAy
PCq

PCe

PCy
PCq4,PCy
P8,~PB,
PCy

PCy

PCo

: L— Asall of PCo~PC;y
bits become a control
pin in this case, this
bitis "Don‘t Care”.

Group A: Mode 1 output
Group B: Mode 1. input

© National Instruments Corporation
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{b) ‘When group A is mode 1T input and group 8 is mode 1 output,

22} D¢ Dg Dy D3 D2 Dy Do
1 ] 1 1 1/0 1 [ X
L - Selection of 1/0 of PCE
and PC7 when not de-
fined as a control pin
1= Input
0= Output .
8
PA;~PAg |+
RD —= PCy|=—— STBA
PCs|—= IBF4
PC3 f~= INTRA
Group A: Mode 1 input
PCq.PCy T o Group B: Mode 1 output
PB4, ~PBq e
PCi|—= OBFg
WR — PCy=— ACKg
PCol= INTRg

3.

290

Mode 2 {Strobe bidirectional bus /0 operation)

in mode 2, it is possible to transfer data in 2 direc-
tions through a single 8-bit port. This operation is
akin to a combination between input and output
operations. Port C waits for the controt signal in this
case, too. Mode 2 is available only for group A,
however.

Next, a-description is made on mode 2.

OBF {Output buffer full fisg output)

® This signal when turned to low level indicates
that data has been written to the internal out-
put lateh upon receipt of the WR signal from the
CPU. At this time, port A is still in the high im-
pedance status and the data is not yet output
to the outside. This sig_p%l turns to low level at
the rising edge of the WR and high level at the
falling edge of the ACK.

ACK {Acknowtledge input)

®  When a low level signal is.input to this pin, the
high impedance status of port A'is cleared, the
buffer is enabled, and the data written to the in-
ternal output latch is output to port A. When the
input returns to high level, port A is made into
the high impedance status.

D-14

STB {Strobe input)

® ‘When this signal turns to low level, the data out-
put to the port from'the pin-is fetched into the
internal input Iatch. The data is output to the
data bus upon receipt.of the RD signai from the

CPU, but it in the high imped sta-
tus until then.
IBF {Input buffer full fisg output)

® This signal when turned to high levei indicates
that data from the pin has been fetched into the
inputfatch. This signal turns to high level at the
falling-edge of the STB and low levs! st the ris-
ing edge of the RD.

INTR (Intervupt request output)

® This signal is used to interrupt the CPU and its
operation in the same as in mode 1. There are
two INTE flip-flops internally availabie for input
and output to select either interrupt of input or
output operation. The INTE1 is used to control
the.interrupt request for output operation and
it can be reset by the bit set for PC8, INTE2 ie
used to control the interrupt.request for the in-
put operation and it can be set by the bit set for
PC4.

Appendix D
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Mode 2 1/0 Operstion

Port C.Function Allocation in Mode 2

L~ INTRA

[-—= OBFp
fo— ACK A

[~ STBa

-k

e IBF 5

Port C

- PCo
PCy -

Py
PC;3
ch

. PCg

“PCq
PCy:

. Fanction

Confirmed to the
group 8 mode

INTRA
STBa
IBFA
o
TACKA

OBFp

Eni b

ing is:an wplé of the relati ) the
“‘control word and the pin-when used in mode 2.
i When. input in-mods 2 for.group A and in mods 1
for group B. B2

Dy D¢ . Ds

/]

D3 ‘D Dy Do

When group A is'set to
mode 2, this bit is
treated as “Don’t Care”.

ER—

As all'of 8 bits of port C be-
come: control pins in this
.case, D3 and DO bits are
treated as "‘Don‘t Care".

No 1/0 specification is required
for mode 2, since it is a bidirec-
tions! operation, This bit is
therefore treated as “Don’t Care”’,

PA7~PAg

PCs

PCs

" Pc;

PCy
PCs

PB4~PBy

PCy
PCy

G

=== INTRA
2
——e- OBFA
b ACK A,
[ ﬁ;\
[~ I1BF 5
8
R
[~ 1BFg Group A¢ -mode 2 ) ‘)
Group B:. mode 1 input |

——= INTRp

© National Instruments Corporation
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4. When Group A is Different.in Mode from Group B
Group A and group B can be. used by setting them
in different modes esch other at the same.time.
When either group is set to mode1 or mode 2, it.is

{Mode combinations that define no control bit at port C)

possible to set the one not defined as a control pin
in port C to both:input and output as a port which
operates in mode O at the 3rd and Oth-bits of the
control word.

Port C
Group A Group B -
PCy PC¢ PCs PCs PCy PCy PC, PCo
i ?"‘::: V'] moseo | o | wo |i1ers | 5TBa |NTRA| wo. | wo | wo
Mode 0 _ ——
2 output Mode0 | OBFa | ACKA |0 | w0 |INTRA | WO o o
3 | wmodeo m:: I wo | wo | wo | wo | wo |ST8g | 1erg | iNTRE
Mode 1 pra— —
4 Mode 0 output 10 I 170 [I]e] /o /o ACKg | OBFg | INTRg
Mode 1 Mode 1 — R, A
5 nput input 1o o | 18Ea | 5TBa [ INTRA | §TBg | 18Fg | INTRg
Mode 1 Mode 1 — . i
6 it cuput 1o 10 | 1BFA | STBa | INTRA | ACKg | OBFg | INTRg
Mode Mode 1 P T . -
7 ouput it OBFA | ATRA] WO 70 | INTRA | 5TBg | 1BFg | INTRg
Mode 1 Mode 1 S — —
8 output output OBFA | ACKA | 1O 110 | INTRA | ACKg | OBFg | INTRg
9 Mode 2 Mode 0 BBFA ACKA IBF A STBA | INTRa [J{e] 1o |- o
Controfied st the 3rd bit {D3) Controlled at the Oth bit (DO}
of the control word i - of the control word

When the 1/0 bit is set to input in this case, it is pos-
sible to access data by the normal port-C read
operation. g

When: set to output, PC7 ~ PC4 bits can be ac-
cessed by the bit set/reset function only.
Meanwhile, 3 bits from PC2 to PCO can be accessed
by normal write operation.

292
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The bit set/reset function ‘can be used for all of
PC3 -~ PCO 'bits. Note that the status of port C
varies according to-the combination of modes like
this,

© National Instruments Corporation
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5. Port C Status Read " bus status signal can_be read out by reading the
When port C is used for the control signal, that is, content of port C,
in either mode 1 or mode 2, each control signal and The status read out is as follows:
Status read on the data bus
Group A Group B
| D Ds Dg D4 Ds Dy Dy Do
1 m:: ' | Modeo | wo | wo | i8Fa |iNTEA |INTRA] WO | wo. | wo
Mode 1 e | g
2 output- Mode 0 | OBFa | INTEA | “1/O 1o {INTRA ! ‘1O 7o 110
3 | Modeo x:z: Yl wo | wo e | wo | wo |inTeg| ieFg | INTRg
4| Modeo | ModV s I wo | wo | wo | wo |iNTEg | GBFg | INTRp
output !
Mods 1 Mode 1 . i
5 input gt 1o 110 | 1BFa | INTEA INTRA | INTEg | 1BFg | INTRg
Mode 1 Mode 1 - —
INTR
6 nput output 3o WO | IBFA |INTEA | INTRA | INTER | GBFg B
Mode 1 Mode 1 ' :
: INTR
7 output ot OBFA | INTEA | WO 110 [INTRA |-INTEG | 1BFg B
Mode 1 ““Mode 1 o —
F INTR
8 output oupur | OBFA [ INTEA | WO /0. |INTRp | INTEg | OBFg 8

9 Mode2 | Mode0 | DBFa | INTEy | IBFA [ INTE |INTRA| VO Vo | vo

10 | Mode2 m::: 1 | B8Fa | INTEs | 1BFA | INTE2 |INTRA | INTER | 18Fg | INTRR
Mode 1 m— ¢ —
1 Mode2 | | oue - | OBFA | INTEy | 1BFA INTE2 |INTRA | INTEg | OBFg | INTRg
6. Reset of MSMSB2C55A becomes the input mode at a high level pulse above
Be sure to keep the RESET signal at power ON in 500 ns.
the high level at least for S0 us. Subsequently, it
Note:  Comparison of MSMB2CSSA-5 and MSM82C55A-2
MSMB2C55A-5
After a write is d to the d register, the internal: latch . is cleared in PORTA PORTC. For

instance, 00H is output at the beginning of a write.command when the output port is assigned. However, if PORTE
is'not cleared at this time, PORTB is unstable. {n other words, PORTB only outputs ineffective data {unstable value
according to the device) during the period from after a write command is executed till the first data is written to

PORTB.
MSMB2CE5A-2 )
After a write d is d to the d register, the.internal iatch is cleared in All Ports(PORTA,PORTB, PORTC).
OOH is ontput at the beginning of a write d when the-output port is assigned.
’
:
e
293
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Customer Communication

For your convenience, this appendix contains forms to help you gather the information necessary
to help us solve technical problems you might have as well as a form you can use to comment on
the product documentation. Filling out a copy of the Technical Support Form before contacting
National Instruments helps us help you better and faster.

National Instruments provides comprehensive technical assistance around the world. In the U.S.
and Canada, applications engineers are available Monday through Friday from 8:00 a.m. to
6:00 p.m. (central time). In other countries, contact the nearest branch office. You may fax

questions to us at any time.

Corporate Headquarters
(512) 794-0100
Technical support: ~ Tel: (512) 795-8248

Fax: (512) 794-5678

Branch Offices Phone Number
Australia 03 9879 5166
Austria 0662 4579900
Belgium 02757 00 20
Canada (Ontario) 905 785 0085
Canada (Quebec) 514 694 8521
Denmark 4576 26 00
Finland 0972572511
France 01 48 14 24 24
Germany 089 741 31 30
Hong Kong 2645 3186
Israel 03 5734815
Italy 02 413091
Japan 03 5472 2970
Korea 02 596 7456
Mexico 5520 2635
Netherlands 0348 433466
Norway 328484 00
Singapore 2265886
Spain 91 640 0085
Sweden 08 73049 70
Switzerland 056 200 51 51
Taiwan 02 377 1200
U.K. 01635 523545

© National Instruments Corporation E-1

Fax Number
03 9879 6277
0662 45 7990 19
0275703 11
905 785 0086
514 694 4399
4576 26 02
09 725 725 55
0148 1424 14
089 714 60 35
2686 8505

03 5734816
02 41309215
03 5472 2977
02 596 7455
5520 3282
0348 430673
32 84 86 00
2265887

91 640 0533
08 73043 70
056 200 51 55
02 737 4644
01635 523154
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Documentation Comment Form

National Instruments encourages you to comment on the documentation supplied with our products. This
information helps us provide quality products to meet your needs.

Title:  PCI-1200 Register-Level Programmer Manual
Edition Date: May 1997
Part Number: 340914A-01

Please comment on the completeness, clarity, and organization of the manual.

If you find errors in the manual, please record the page numbers and describe the errors.

Thank you for your help.

Name

Title

Company

Address

Phone  ( )

Mail to: Technical Publications Fax to: Technical Publications
National Instruments Corporation National Instruments Corporation
6504 Bridge Point Parkway (512) 794-5678

Austin, TX 78730-5039



Glossary

The following metric system prefixes are used with abbreviations for units of measure:

2SDAC

A/D

ADC
ADCUNI/BI*
BCD
CALDACLD
CMOS
CNTINT
CNTINTEN
CW
DACOUNI/BI*
DAC1UNI/BI*
DAQ
DAVAIL

DC
DIOINTEN
DITHEREN
DQINTEN
ECLKDRV
ECLKRCV
EEPROMCS
EOIRCV
ERRINTEN
EXTCONV*
EXTGATAO
FIFO
FIFOHF*
FIFOINTEN
GAIN

Prefix Meaning Value
p- pico- 10-12
n- nano- 10-9
- micro- 10-6
m- milli- 10-3
k- kilo- 103

M- mega- 106
G- giga- 1012

two’s complement DAC bit
analog-to-digital
analog-to-digital converter
ADC unipolar/bipolar bit
binary coded decimal
calibration DAC load bit

complementary metal-oxide semiconductor

counter interrupt status bit
counter interrupt enable bit
control word

DACO unipolar/bipolar bit
DACT1 unipolar/bipolar bit
data acquisition

data available bit

direct current

DIO interrupt enable bit
dither enable bit

DAAQ interrupt enable bit
external clock drive bit
external clock receive bit
EEPROM chip select bit
external output interval clock receive bit
error interrupt enable bit
external conversion signal
external gateAO bit
first-in-first-out

FIFO half-full bit

FIFO interrupt enable bit
gain bits

© National Instruments Corporation Glossary-1

PCI-1200 RLPM



Glossary

GATAO
hex
HFINTEN
HWTRIG
Hz
INTSCAN
1/0

LDAC

LSB

MA

MSB

OouT
OUTA1
OVERFLOW
OVERRUN
PRETRIG
PROMOUT
RAM

RL

rms
RSE*/NRSE
SC
SCANEN
SCANUP
SCLK
SDATA
SE*/DIFF
SWTRIG
TBSEL
TTL
TWOSCOMP
Vv
WRTPRT*
X

PCI-1200 RLPM

gate AQ bit
hexadecimal

FIFO half-full interrupt enable bit

hardware trigger bit
hertz

interval scanning bit
input/output

Load DAC bit

least significant bit
multiplexer select bits
most significant bit
counter output

output A1l bit

overflow error status bit
overrun error status bit
pretrigger bit
EEPROM output bit
random-access memory
read/load select bit

root mean square

referenced single-ended/nonreferenced single-ended bit

counter select bit
scan enable bit
scan up bit

serial clock bit
serial data bit

single-ended/differential bit

software trigger bit

time base select bit
transistor-transistor logic
two’s complement bit
volts

write protect bit

don’t care bit

Glossary-2
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Numbers

2SDACO bit, 2-7
2SDACI bit, 2-7
82C53 Counter/Timer Register Groups A
and B
configuration, 1-3
Counter A Mode Register
description, 2-25
performing single A/D
conversion, 3-10
programming update mode of analog
output circuitry, 3-21
Counter AO Data Register
DAQ operation using internal
timing, 3-11
description, 2-24
performing single A/D
conversion, 3-10
programming, 3-12
Counter Al Data Register
DAQ operations using internal
timing, 3-11
description, 2-24
programming, 3-13
Counter A2 Data Register
description, 2-25
programming update mode of analog
output circuitry, 3-21
Counter B Mode Register, 2-28
Counter BO Data Register
DAQ operations using internal
timing, 3-11
description, 2-26
programming, 3-12
Counter B1 Data Register, 3-13 to 3-14
DAQ operations using internal
timing, 3-11
description, 2-27
programming, 3-13 to 3-14
Counter B2 Data Register, 2-27
OKI MSM82C53 data sheet, C-1
overview, 2-23
programming general-purpose
counter/timers, 3-22

© National Instruments Corporation Index-1

register map, 2-2

Timer Interrupt Clear Register, 2-26
82C55A Digital I/0 Register Group

Digital Control Register, 2-31

OKI MSM82C55A data sheet, D-1

overview, 2-29

Port A Register, 2-30

Port B Register, 2-30

Port C Register, 2-31

register map, 2-2

A

A/D conversions, single. See under analog
input circuitry.
A/D FIFO Clear Register, 2-20
A/D FIFO Register
clearing analog input circuitry, 3-8
description, 2-18 to 2-19
obtaining A/D conversion results, 3-10
servicing DAQ operation, 3-14
straight binary mode, 2-18 to 2-19
two's complement binary mode, 2-19
ADCUNI/BI* bit
configuring analog output circuitry, 3-9
description, 2-14
analog input circuitry
calibration, 4-3 to 4-6
bipolar input calibration procedure,
4-4 to 4-5
unipolar input calibration procedure,
4-5 to 4-6
configuration, 1-2
programming for single A/D
conversions, 3-8 to 3-10
clearing analog input circuitry, 3-8
configuring analog input
circuitry, 3-9
performing single A/D
conversions, 3-10
Analog Input Register Group
A/D FIFO Clear Register, 2-20
A/D FIFO Register
clearing analog input circuitry, 3-8
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Index

description, 2-18 to 2-19
obtaining A/D conversion
results, 3-10
servicing DAQ operation, 3-14
overview, 2-17
register map, 2-2
Start Convert Register, 2-20, 3-10
analog output circuitry
calibration, 4-6 to 4-8
bipolar output calibration
procedure, 4-7 to 4-8
unipolar output calibration
procedure, 4-8
configuration, 1-2
programming, 3-19 to 3-20
analog output voltage versus digital
code
bipolar mode, two's complement
coding (table), 3-20
unipolar mode, straight binary
coding (table), 3-20
configuring analog output circuitry,
3-19 to 3-20
DAC interrupt programming, 3-21 to
3-22
update mode of analog output
circuitry, 3-20 to 3-21
Analog Output Register Group
DACO Low-Byte, DACO High-Byte,
DACI Low-Byte, and DAC1
High-Byte Registers, 3-22
DAC interrupt programming, 3-22
description, 2-22
programming update mode of analog
output circuitry, 3-20 to 3-21
overview, 2-21
register map, 2-2
analog output voltage versus digital code
bipolar mode, two's complement coding
(table), 3-20
unipolar mode, straight binary coding
(table), 3-20

B
Base Address Register 0 (BARO), 3-3 to 3-4

Base Address Register 1 (BARI1), 3-3 to 3-4
bipolar input calibration, 4-4 to 4-5

PCI-1200 RLPM Index-2

gain calibration, 4-5
higher gains, 4-5
postgain offset calibration, 4-5
pregain offset coarse calibration, 4-4
pregain offset fine calibration, 4-4
bipolar input polarity, selecting, 3-9
bipolar mode, two's complement coding
(table), 3-20
bipolar output calibration, 4-7 to 4-8
gain calibration, 4-7
offset calibration, 4-8
bipolar output polarity, selecting, 3-19
bits
2SDACO, 2-7
2SDACI, 2-7
ADCUNI/BI*, 2-14, 3-9
CALDACLD, 2-12, 3-7
CNTINT, 2-15, 3-21
CNTINTEN, 2-9, 3-21
CW<7..0>, 2-31
D<7..0>
A/D FIFO Register, 2-19
Counter AO Data Register, 2-24
Counter Al Data Register, 2-24
Counter A2 Data Register, 2-25
Counter BO Data Register, 2-26
Counter B1 Data Register, 2-27
Counter B2 Data Register, 2-27
DACO Low-Byte, DACO High_Byte,
DACI Low-Byte, and DACI1
High-Byte Registers, 2-22
Interval Counter Data Register, 2-33
Port A Register, 2-30
Port B Register, 2-30
Port C Register, 2-31
D<11..8>, 2-22
A/D FIFO Register, 2-19
D<15..8>, 2-19
D<15..12>,2-22
DACOUNI/BI*, 2-13, 3-19
DACI1UNI/BI*#, 2-13, 3-19
DAVAIL, 2-15, 3-8, 3-10
DIOINTEN, 2-10
DITHEREN, 2-12, 4-4
DMAEN, 2-10, 3-17
DQINTEN, 2-13, 3-17
ECLKDRYV, 2-11
ECLKRCYV, 2-10, 3-8, 3-15
EEPROMCS, 2-12, 3-7, 4-2

© National Instruments Corporation



EOIRCV, 2-11, 3-14, 3-16

ERRINTEN, 2-9, 3-17

EXTGATAO, 2-15

FIFOHF*, 2-16, 3-8, 3-10

FIFOINTEN, 2-9, 3-17

GAIN<2..0>, 2-5, 3-9

GATAO, 2-15

HFINTEN, 2-13, 3-17

HWTRIG, 2-8, 3-8, 3-15

INTSCAN, 2-11, 3-14, 3-16

LDACO, 2-7, 3-21

LDACI, 2-7, 3-21

MA<2..0>, 2-6, 3-9

OUTAL, 2-16

OVERFLOW, 2-15, 3-8, 3-10, 3-14

OVERRUN, 2-15, 3-8, 3-10, 3-14

PRETRIG, 2-8, 3-16

PROMOUT, 2-16

RSE*/NRSE, 2-14, 3-9, 4-4

SCANEN, 2-5, 3-9

SCANUP, 2-13, 3-9

SCLK, 2-12, 3-7,4-2

SDATA, 2-12, 3-7, 4-2

SE*/DIFF, 2-11, 3-9, 4-4

SWTRIG, 2-8, 3-8, 3-14, 3-16

TBSEL, 2-8, 3-12

TWOSCMP, 2-5, 3-9

WRTPRT*, 2-12, 3-7, 4-2
board configuration, 1-2 to 1-3

C

CALDACLD bit
description, 2-12
writing calibration constant to
CALDAC, 3-7
calibration
analog input calibration, 4-3 to 4-6
bipolar input calibration
procedure, 4-4 to 4-5
unipolar input calibration
procedure, 4-5 to 4-6
analog output calibration, 4-6 to 4-8
bipolar output calibration
procedure, 4-7 to 4-8
unipolar output calibration
procedure, 4-8
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Index

calibration DACs (CALDAC:S), 4-2 to
4-3
analog input circuitry characteristics
(table), 4-2
analog output circuitry
characteristics (table), 4-3
writing calibration constant to
CALDAC, 3-7
EEPROM map (table), 4-9 to 4-13
initializing PCI-1200 circuitry, 3-6 to
3-7
storing user-defined constants, 4-1 to 4-2
CLKBI1 signal, 3-13
CNTINT bit
DAC interrupt programming, 3-21
description, 2-15
CNTINTEN bit
DAC interrupt programming, 3-21
description, 2-9
programming update mode of analog
output circuitry, 3-21
Command Register 1
configuring analog input circuitry, 3-9
description, 2-5 to 2-6
Command Register 2
description, 2-7 to 2-8
programming update mode of analog
output circuitry, 3-21
Command Register 3, 2-9 to 2-10
Command Register 4
configuring analog input circuitry, 3-9
description, 2-10 to 2-11
Command Register 5
calibration process, 3-7
description, 2-12
Command Register 6
configuring analog input circuitry, 3-9
description, 2-13 to 2-14
configuration, 1-2 to 1-3
analog input configuration, 1-2
analog output configuration, 1-2
counter configuration, 1-3
digital I/O configuration, 1-3
Configuration and Status Register Group
Command Register 1, 2-5 to 2-6, 3-9
Command Register 2, 2-7 to 2-8, 3-21
Command Register 3, 2-9 to 2-10
Command Register 4, 2-10 to 2-11, 3-9
Command Register 5, 2-12, 3-7
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Command Register 6, 2-13 to 2-14, 3-9
overview, 2-4
register map, 2-2
Status Register 1, 2-15
Status Register 2, 2-16
controlled acquisition mode, 3-11
Counter A Mode Register
description, 2-25
performing single A/D conversion, 3-10
programming update mode of analog
output circuitry, 3-21
Counter AO Data Register
DAQ operation using internal
timing, 3-11
description, 2-24
performing single A/D conversion, 3-10
programming, 3-12
Counter Al Data Register
DAQ operations using internal
timing, 3-11
description, 2-24
programming, 3-13
Counter A2 Data Register
description, 2-25
programming update mode of analog
output circuitry, 3-21
Counter B Mode Register, 2-28
Counter BO Data Register
DAQ operations using internal timing,
3-11
description, 2-26
programming, 3-12
Counter B1 Data Register
DAQ operations using internal
timing, 3-11
description, 2-27
programming, 3-13 to 3-14
Counter B2 Data Register, 2-27
counter/timers. See 82C53 Counter/Timer
Register Groups A and B; 82C55A Digital
I/O Register Group.
customer communication, xii, E-1
CW<7..0> bits, 2-31

D

D<7..0> bits
A/D FIFO Register, 2-19
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Counter AO Data Register, 2-24
Counter Al Data Register, 2-24
Counter A2 Data Register, 2-25
Counter BO Data Register, 2-26
Counter B1 Data Register, 2-27
Counter B2 Data Register, 2-27
DACO Low-Byte, DACO High-Byte,
DACI Low-Byte, and DAC1
High-Byte Registers, 2-22
Interval Counter Data Register, 2-33
Port A Register, 2-30
Port B Register, 2-30
Port C Register, 2-31
D<11..8> bits
A/D FIFO Register, 2-19
DACO Low-Byte, DACO High-Byte,
DACI Low-Byte, and DACI
High-Byte Registers, 2-22
D<15..8> bits, 2-19
D<15..12> bits, 2-22
DAC interrupt programming, 3-21 to 3-22
DACO Low-Byte, DACO High-Byte, DAC1
Low-Byte, and DAC1 High-Byte
Registers
bipolar output calibration procedure, 4-7
to 4-8
DAC interrupt programming, 3-22
description, 2-22
programming update mode of analog
output circuitry, 3-21
unipolar output calibration
procedure, 4-8
DACOUNI/BI* bit
configuring analog output circuitry, 3-19
description, 2-13
DACI1UNI/BI* bit
configuring analog output circuitry, 3-19
description, 2-13
DAQ interrupt programming, 3-17
DAQ operation, programming
controlled data acquisition mode, 3-11
definition of DAQ operation, 3-10
freerun data acquisition mode, 3-11
interval scanning data acquisition
mode, 3-11
using external timing, 3-15 to 3-16
EXTCONV* instead of Counter
AO, 3-15
EXTTRIG in posttrigger mode, 3-15
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EXTTRIG in pretrigger mode, 3-16
OUTBI instead of Counter B1, 3-16
using internal timing, 3-10 to 3-14
Counter AO and Counter B0, 3-12
Counter Al, 3-13
Counter B1 and Interval Counter
Register, 3-13 to 3-14
servicing DAQ operation, 3-14
triggering DAQ operation, 3-14
DAVAIL bit
clearing analog input circuitry, 3-8
description, 2-15
single A/D conversions, 3-10
Digital Control Register, 2-31
digital I/O circuitry
configuration, 1-3
programming, 3-22
DIOINTEN bit, 2-10
DITHEREN bit
analog input calibration, 4-4
description, 2-12
DMA programming, 3-17 to 3-19
configuration procedure, 3-17 to 3-18
link chaining mode, 3-18 to 3-19
DMAEN bit
DAQ DMA programming, 3-17
description, 2-10
documentation
conventions used in manual, x-xi
National Instruments documentation, xi
organization of manual, ix-x
related documentation, xii
DQINTEN bit
DAQ interrupt programming, 3-17
description, 2-13

E

ECLKDRYV bit, 2-11
ECLKRCYV bit
clearing analog input circuitry, 3-8
description, 2-10
programming DAQ operation, 3-15
EEPROM
accidental overwriting (note), 4-1
calibration map (table), 4-9 to 4-13
reading single byte from EEPROM, 3-7
storing user-defined constants, 4-2
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writing single byte to EEPROM, 3-7
EEPROMCS bit

description, 2-12

reading single byte from EEPROM, 3-7

storing user-defined constants, 4-2
EOIRCV bit

DAQ operations using OUTBI, 3-16

description, 2-11

programming counter B1, 3-14
ERRINTEN bit

DAQ interrupt programming, 3-17

description, 2-9
EXTCONV* signal

clearing analog input circuitry, 3-8

programming DAQ operation, 3-15
EXTGATAO bit, 2-15
EXTTRIG signal

clearing analog input circuitry, 3-8

programming DAQ operation

posttrigger mode, 3-15
pretrigger mode, 3-16

EXTUPDATE* signal

DAC interrupt programming, 3-21 to

3-22
programming update mode of analog
output circuitry, 3-20 to 3-21

F

fax and phone numbers for technical
support, E-1
FIFOHF* bit
clearing analog input circuitry, 3-8
description, 2-16
single A/D conversions, 3-10
FIFOINTEN bit
DAQ interrupt programming, 3-17
description, 2-9
find_NI_Devices() function, 3-3
freerun data acquisition mode, 3-11
Fujitsu MB88341/MB88342 data sheet, A-1

G
GAIN<2..0> bits

configuring analog input circuitry, 3-9
description, 2-5
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GATAO bit, 2-15

GATBO signal, 3-11

GATBI signal, 3-11

general-purpose counter/timers,
programming, 3-22

H

HFINTEN bit
DAQ interrupt programming, 3-17
description, 2-13

HWTRIG bit
clearing analog input circuitry, 3-8
description, 2-8
programming DAQ operation, 3-15

I

initializing PCI-1200 circuitry, 3-6 to 3-8
input mode, selecting, 3-9
input polarity, selecting, 3-9
interrupts
DAC interrupt programming, 3-21 to
3-22
DAQ interrupt programming, 3-17
developing interrupt method for
Macintosh, 3-5 to 3-6
Interval Counter Register Group
DAQ operation using internal
timing, 3-11
Interval Counter Data Register, 2-33
Interval Counter Strobe Register, 2-33
overview, 2-32
programming, 3-13 to 3-14
register map, 2-2
interval scanning acquisition mode, 3-11
INTSCAN bit
DAQ operations using OUTBI, 3-16
description, 2-11
programming Counter B1, 3-14
Is_PCI() function, 3-3

L

LDACO bit
description, 2-7
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programming update mode of analog
output circuitry, 3-21
LDACI bit
description, 2-7
programming update mode of analog
output circuitry, 3-21
link chaining mode, DMA
programming, 3-18 to 3-19

M

MAK<2..0> bits
configuring analog input circuitry, 3-9
description, 2-6
Macintosh PCI initialization, 3-4 to 3-6
developing interrupt method, 3-5 to 3-6
performing simple accesses, 3-5
programming options, 3-4 to 3-6
using NI-DAQ and driver toolkit, 3-5
manual. See documentation.
MITE Application Specific Integrated
Circuit (ASIC) chip
DMA programming, 3-18
PClI initialization
Macintosh, 3-4 to 3-6
PC, 3-3 to 3-4
support for Revision E and later
(note), 3-3

N

NI-DAQ and driver toolkit, Macintosh PCI
initialization, 3-5

o

OKI MSM82C53 data sheet, C-1

OKI MSMR82C55A data sheet, D-1

OUTAO signal
performing single A/D conversions, 3-10
programming Counter AO and Counter

BO, 3-12

OUTALI bit, 2-16

OUTAZ2 signal
DAC interrupt programming, 3-22
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programming update mode of analog
output circuitry, 3-21
OUTBI for programming DAQ
operation, 3-16
OVERFLOW bit
clearing analog input circuitry, 3-8
description, 2-15
overflow condition in DAQ
operations, 3-14
single A/D conversions, 3-10
OVERRUN bit
clearing analog input circuitry, 3-8
description, 2-15
overflow condition in DAQ
operations, 3-14
single A/D conversions, 3-10
overrun condition, DAQ operations, 3-14

P

PCI bus, compatibility with PCI Local Bus
Specification, 3-1
PCI initialization
for Macintosh, 3-4 to 3-6
for PC, 3-3 to 3-4
PCI-1200 companion disk support, 3-2
PCI-1200
companion diskette, 3-2 to 3-3
general characteristics, 1-1
initializing circuitry, 3-6 to 3-8
polarity, selecting
analog input circuitry, 3-9
analog output circuitry, 3-19
Port A Register, 2-30
Port B Register, 2-30
Port C Register, 2-31
PRETRIG bit
description, 2-8
programming DAQ operation in
pretrigger mode, 3-16
programming. See also registers.
analog input circuitry for single A/D
conversions, 3-8 to 3-10
clearing analog input circuitry, 3-8
configuring analog input
circuitry, 3-9
performing single A/D
conversions, 3-10
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analog output circuitry, 3-19 to 3-20
configuring analog output circuitry,
3-19 to 3-20
DAC interrupt programming, 3-21 to
3-22
update mode of analog output
circuitry, 3-20 to 3-21
DAQ DMA programming, 3-17 to 3-19
configuration procedure, 3-17 to
3-18
link chaining mode, 3-18 to 3-19
DAQ interrupt programming, 3-17
DAQ operation using external timing,
3-15to 3-16
EXTCONV* instead of Counter
A0,-3-15
EXTTRIG in posttrigger mode, 3-15
EXTTRIG in pretrigger mode, 3-16
OUTBI1 instead of Counter B1, 3-16
DAQ operation using internal timing,
3-10 to 3-14
Counter AO and Counter B0, 3-12
Counter Al, 3-13
Counter B1 and Interval Counter
Register, 3-13 to 3-14
servicing DAQ operation, 3-14
triggering DAQ operation, 3-14
digital I/O circuitry, 3-22
examples
conventions used in examples, 3-2
PCI-1200 companion
diskette, 3-2 to 3-3
requirements, 3-2
general-purpose counter/timers, 3-22
initializing PCI-1200 circuitry, 3-6 to
3-8
PCI local bus, 3-1
PCI-1200 companion diskette, 3-2 to 3-3
register programming
considerations,-3-1
PROMOUT bit, 2-16

R

registers. See also specific register groups.
programming considerations, 3-1. See
also programming.
register map, 2-2
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resetting PCI-1200 circuitry, 3-6
RSE*/NRSE bit
analog input calibration, 4-4
configuring analog input circuitry, 3-9
description, 2-14

S
sample interval, defined, 3-10
scan interval, defined, 3-10
SCANEN bit
configuring analog input circuitry, 3-9
description, 2-5
SCANUP bit
configuring analog input circuitry, 3-9
description, 2-13
SCLK bit
description, 2-12
storing user-defined constants, 4-2
writing bits to CALDAC, 3-7
writing single byte to EEPROM, 3-7
SDATA bit
description, 2-12
storing user-defined constants, 4-2
writing calibration constant to
CALDAC, 3-7
SE*/DIFF bit
analog input calibration, 4-4
configuring analog input circuitry, 3-9
description, 2-11
Setup_Mite() function, 3-3, 3-4
single A/D conversions,
programming, 3-8 to 3-10
clearing analog input circuitry, 3-8
configuring analog input circuitry, 3-9
performing single A/D conversions, 3-10
Start Convert Register
description, 2-20
performing single A/D conversions, 3-10
Status Register 1, 2-15
Status Register 2, 2-16
SWTRIG bit
clearing analog input circuitry, 3-8
description, 2-8
programming DAQ operation in
pretrigger mode, 3-16
triggering DAQ operation, 3-14
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T

TBSEL bit
DAQ operations using internal timing,
3-12
description, 2-8
technical support, E-1
Timer Interrupt Clear Register, 2-26
triggering DAQ operation, 3-14
TWOSCMP bit
configuring analog input circuitry, 3-9
description, 2-5

U

unipolar input calibration, 4-5 to 4-6
gain calibration, 4-6
postgain offset calibration, 4-6
pregain offset calibration, 4-6
unipolar input polarity, selecting, 3-9
unipolar mode, straight binary coding
(table), 3-20
unipolar output calibration, 4-8
gain calibration, 4-8
offset calibration, 4-8
unipolar output polarity, selecting, 3-19
update mode of analog output circuitry,
programming, 3-20 to 3-21
user-defined calibration constants, 4-1 to 4-2

A%

WRTPRT* bit
description, 2-12
reading single byte from EEPROM, 3-7
storing user-defined constants, 4-2

X

Xicor X25020 data sheet, B-1
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